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PREFACE. 


THIS  WORK  was  written  in  1.S21,  and  it  has  therefore  slept  even  beyond 
the  Horatian  period.  I  have  waited  ten  years,  in  the  announced  hope 
that  some  better  man  would  stand  forward  in  the  breach,  the'  repre- 
sentative of  Geological  science  as  it  now  is:  endeavouring  also  to  tempt 
others  to  this  perilous  honour,  by  the  occasional  publication  of  certain 
portions.  I  do  not  see  that  it  has  been  superseded  ;  nor  that  there  are 
any  hopes  from  a  longer  delay.  I  did  also  expect  that  time  would  have 
brought  material  improvements,  through  the  efforts  of  the  present  multi- 
tude of  labourers.  I  grieve  to  say  that  it  has  scarcely  received  a 
valuable  addition  from  this  source,  and  not  a  single  fundamental  one. 
The  evidences  of  Geology  have  indeed  been  multiplied ;  yet  through 
identical  facts  only:  since  I  do  not  perceive  that  a  new  one  has  been 
added  to  the  Science.  This  ought  not  to  have  been. 

Having  already  published  every  thing,  derived  from  my  own  obser- 
vation, on  which  the  present  attempt  is  built,  these  have  long  been  as 
much  the  common  property  as  what  I  have  borrowed.  "Whether  those 
to  whom  I  have  so  long  left  this  task,  have  thought  that  it  could  not  be 
executed,  or  should  not  be  attempted,  or  whether  there  be  any  other 
reason,  it  is  not  for  me  to  conjecture.  But  he  who  says  that  System  is  a 
presumptuous  title,  does  not  know  the  meaning  of  that  word ;  since  it 
neither  implies  perfection,  nor  the  pretence  to  it.  It  is  a  view  of  the 
actual  condition  of  any  Science  at  the  time;  and  all  have  had  their 
tentative  systems  or  approximations.  Every  science  now  possesses 
one:  yet  riot  even  Astronomy  is  perfect. 

Systems  approach  perfection  by  degrees:  and  he  who  produces  one, 
facilitates  the  production  of  a  better.  He  also  who  makes  the  first 
attempt  is  not  to  be  envied:  since  all  are  as  ready  to  censure  its  defects 
as  they  are  able  to  see  what  the  author  himself  points  out:  choosing  to 
forget  that  he  has  done  so,  while  ignorant  or  neglectful  of  what  has 
been  done  and  what  overcome.  The  traveller  over  a  solid  road  knows 
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nothing  of  the  toil  that  first  laid  it  on  the  quaking  morass,  and  as  little 
does  he  care  ;  while  he  is  enraged  at  the  casual  rut.  But  though  such 
a  System  should  teach  nothing,  it  would  be  valuable  by  the  display  of 
its  very  defects.  No  chasm  can  be  filled  till  it  is  known:  while  thus 
are  errors  and  blanks  classed  with  the  nearest  truths,  so  as  (o  indicate 
the  way  by  which  they  are  to  be  corrected  and  supplied.  All  sciences 
commence  with  error;  and  he  who  waits  for  the  hour  of  perfection, 
suppressing  what  he  knows,  because  too  proud  or  too  timid  to  confess 
a  pardonable  ignorance,  is  the  2,x°^aa"rLKOS  WHO  wi^  no^  enter  the  water 
till  he  can  swim.  Nor  will  the  day  of  truth  ever  arrive,  if  they  who 
can  add  to  the  stock  of  knowledge  confine  it  within  themselves. 

Be  the  result  what  it  may,  it  is  my  duty  to  say,  that  it  rests,  with 
some  exceptions,  on  my  own  observations,  confirming  those  of  others, 
when  not  original.  Observers  may  differ  ;  but  Nature  is  always  the 
same.  And  it  was  my  duty  to  confirm  my  references  to  authorities,  by 
applying  to  the  great  source  of  all  Authority,  wherever  this  was  pos- 
sible. Thence  have  I  quoted,  more  in  confirmation  than  for  any  other 
purpose:  never  trusting,  even  to  names  of  reputed  weight,  when  the 
facts  were  contradictory  to  those  which  I  had  verified,  or  to  just 
analogies,  or  to  the  principles  of  the  collateral  sciences:  assured  that 
Nature  cannot  differ  from  herself,  nor  one  truth  oppose  another.  These 
are  the  real  grounds  on  which  the  validity  of  authorities  must  be  tried  : 
and  hence  perhaps  have  I  quoted  fewer  than  might  have  been  expected  ; 
yet,  I  think,  enough  ;  since  an  indiscriminate  or  careless  reliance  on 
them  is  a  most  perilous  foundation  for  a  work  on  this  Science.  An 
ambitious  multiplicity  of  writers,  sectarianism,  and  hypothesis,  must 
ever  be  the  source  of  bad  observations,  if  not  also  of  gratuitous  asser- 
tions: while  an  established  phraseology  gilds  all  this  with  the  aspect 
of  knowledge.  No  system  of  geology  can  yet  be  compiled  from  the 
works  of  others  ;  though  often  attempted.  Kirwan  has  revelled  in 
authorities  to  prove  how  much  we  knew:  a  later  writer  has  proved, 
from  the  same  authorities,  that  we  know  nothing.  Nor  does  any  one 
who  even  aspires  to  the  name  of  philosopher,  suffer  another  to  reason 
for  him;  as,  never  yet  was  any  system  in  philosophy  founded  on  the 
eyes  or  the  opinions  of  others. 

Geologists  have  been  acused  of  founding  theories  upon  single  and 
favoured  districts;  yet  have  I  drawn  my  chief  illustrations  from  Britain. 
It  is  true:  but  there  is  no  resemblance  in  the  applications:  as  I  can 
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also  justify  this  proceeding.  Geological  facts  have  no  relation  to  geo- 
graphy: the  earth  is  ever)7  whereof  the  same  general  structure.  And 
I  need  not  hesitate  to  say,  that  excepting  volcanoes,  and  little  more* 
this  little  island  contains  every  fact  in  the  world,  with  much  that  is 
almost  peculiar  to  itself;  and  that  more  knowledge  can  be  acquired 
from  a  careful  examination  of  it,  than  from  all  the  writings  of  all  those 
who  have  prided  themselves  on  the  extent  of  their  travels.  The  study 
of  Arran  alone  has  taught  us  more  than  Asia  and  America  united ;  but 
there  is  an  assumption  of  grandeur  in  quoting  these.  Yet  there  is  a 
better  reason:  for  thus  can  British  readers  verify  the  asserted  truths, 
and  thus  also  turn  from  the  writer  to  his  Teacher ;  to  that  Nature  where 
he  also  will  see  and  learn  for  himself. 

If,  to  controvert,  be  termed  controversy,  I  am  sorry  for  what  I  could 
not  avoid.  I  neither  envy  the  taste  nor  the  feelings  that  delight  in  this 
bane  of  modern  science  and  literature :  under  which,  they  who  can 
contribute  nothing,  seek  for  fame,  by  depretiating  what  they  even 
rarely  understand.  Never  has  there  been  a  science,  unless  it  be  physic, 
so  encumbered  with  rubbish  as  geology:  it  was  impossible  to  move  a 
single  step  without  clearing  it  away.  He  who  desired  to  built  on  the 
solid  rock  of  Nature  could  not  but  attempt  to  remove  the  ruins  that 
obscured  it.  And  whoever  seeks  to  "  make  his  understanding  a  re- 
pository of  truth  for  his  own  sake,  rather  than  the  warehouse  of  other 
mens  false  and  inconclusive  reasonings,"  will  follow  the  same  plan. 

Of  the  arrangement  of  this  work  I  have  little  to  say.  I  have  referred 
to  my  Classification  of  Rocks  as  the  grammar  of  this  science,  while 
avoiding,  as  much  as  possible,  all  collision  between  them.  If  the  order 
of  the  subjects  does  not  prove  satisfactory,  I  will  gladly  hear  of  a 
better;  yet  it  must  be  from  one  who  has  bestowed  equal  thought  on  an 
unexceptionable  arrangement.  If  there  are  repetitions,  and  if  refer- 
ences to  things  not  yet  examined,  I  shall  be  pleased  to  see  any  plan 
that  will  remove  this  blot  from  one  place,  without  leaving  an  equal  or 
worse  one  somewhere  else.  , 

The  work  is  too  long,  because  it.  includes  essays  on  several  subjects. 
I  would  gladly  know  where  else  the  needful  facts  and  reasonings  are 
to  be  found :  and  should  be  still  better  pleased  if  geological  science 
were  in  such  a  condition,  that  a  system  might  consist  of  a  series  of 
enunciations  or  axioms.  It  is  not  yet  lime  for  magisterial  language :  and 
the  decisions  of  former  system  makers  have  already  sufficiently  obstruc- 
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ted  the  progress  of  geology.  Without  details  of  facts,  it  would  have 
been  useless  to  the  student;  and,  without  reasoning  these  into  evidence, 
it  would  have  merited  the  fate  of  the  German  cosmogonies.  In  my 
own  opinion,  it  is  far  too  short:  and  it  is  the  learner  who  shall  judge 
between  us.  I  am  sensible  that  the  sketch  of  a  Theory  of  the  Earth 
requires  a  volume,  instead  of  a  Chapter  ;  and  further,  that  it  can  scarcely 
be  understood  without  that  series  of  drawings,  as  a  guide  through  a 
perfect  labyrinth  of  reflections,  without  which  I  could  not  even  have 
written  it.  It  must  remain  for  others  to  demand  such  a  volume :  and 
if  it  is  not  less  true  that  illustrations  would  have  been  most  useful  to 
the  whole  work,  as  they  had  been  prepared  for  it,  there  are  few  who 
do  not  know  where  the  obstruction  lies,  as  it  is  they  alone  who  ca;i 
remove  it. 

That  this  work  abounds  in  defects,  I  know  better  than  most  of  my 
readers:  but  it  is  no  very  heavy  crime  to  have  failed  in  producing  a 
complete  one  from  deficient  elements.  As  to  errors  and  omissions, 
there  is  no  fear  that  they  will  not  be  noted  ;  and  long  before  they  will 
be  corrected  and  supplied.  Of  mere  hypothesis,  I  hope  there  is  none : 
while  perfectly  indifferent  whence  Truth  comes,  provided  it  comes  at 
all.  And  thus  may  I  safely  say  with  Cicero.  "  Nosque  ipsos  redargui 
refellique  patiamur ;  quod  ii  ferunt  animo  iniquo  qui  certis  quibusdam 
destinatisque  sententiis  quasi  addicti  et  consecrati  sunt,  eaque  neces- 
sitate constricti,  ut  etiam  quae  non  probare  soleant,  ea  cogantur  constan- 
tise  causa  defendere:  nos  qui  sequimur  probabilia,  nee  ultra  quam  id 
quod  verisimile  occurrit  progredi  possumus,  et  refellere  sine  pertinacia 
et  refelli  sine  iracundia  parati  sumus." 
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CHAP.  I. 

On  the  general  Objects  of  Geological  Science. 

THE  slightest  examination  of  the  surface  of  the  Earth 
displays  to  us  numerous  irregularities  hy  which  its 
spherical  form  is  modified ;  and,  when  we  penetrate 
within  it,  we  discover  that  it  contains  many  rocks  of 
different  characters,  disposed  in  a  confused  manner, 
and  giving  rise  to  the  inequalities  which  form  its  moun- 
tains and  its  valleys,  which  are  the  immediate  causes 
of  the  elevation  of  its  continents  and  the  depression  of 
its  seas.  The  study  and  description  of  these  substances 
and  these  appearances,  constitute  the  natural  history 
of  the  Earth,  according  to  the  simplest  view  of  that 
science.  Thus  this  branch  of  Natural  History  com- 
prises those  circumstances  in  the  disposition  of  the 
surface,  which  do  not  appertain  to  geography ;  toge- 
ther with  the  distribution,  the  mutual  relations,  and 
the  nature,  of  all  the  substances  which  enter  into  its 
composition.  These  again  subdivide  themselves  into 
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many  inferior  branches  ;  including  the  history  of  mi- 
nerals, of  organic  fossils,,  and  of  alluvial  deposits  ; 
with  other  matters  which  it  is  not  here  necessary  to 
specify. 

These  objects  are  not  merely  adapted  to  the  gratifi- 
cation of  speculative  curiosity,  but  are,  in  many  cases, 
conducive  to  the  wants  or  luxuries  of  mankind,  to  in- 
numerable uses  in  the  arts  of  life.  Thus  it  becomes 
necessary  to  form  accurate  records  of  their  places,  by 
means  of  mineral  topography,  to  indicate  the  precise 
circumstances  under  which  they  exist,  the  modes  by 
which  they  may  be  best  obtained,  and  the  varieties  of 
character  which  they  present :  the  whole  constituting 
a  body  of  investigations  by  which  geology  is  raised  to 
the  rank  of  a  practical  science. 

If  now,  as  in  the  other  branches  of  natural  history, 
every  rock  and  substance  were  visible,  or  could  be 
exhibited  by  the  mere  efforts  of  industry,  or  if  the  geo- 
logical surface  of  the  earth  were,  like  its  geographi- 
cal details,  within  the  reach  of  actual  measurement 
and  examination,  time  and  industry  alone  would  pro- 
cure for  us  all  the  information  which  could  be  required, 
whether  for  the  purposes  of  curiosity  or  use.  A  per- 
fect accumulation  of  facts  would,  as  in  botany,  short- 
ly form  the  materials  of  a  science,  to  which  the  phi- 
losopher would  superadd  those  analogies  or  distinc- 
tions by  which  nature  has  classified  or  separated  all 
its  objects. 

But  such  is  the  condition  of  the  earth's  surface,  and 
such  its  structure,  that  we  can  make  little  progress  in 
its  study  without  in  some  degree  inverting  this  pro- 
cess. As  in  geometrical  synthesis  or  in  chemical 
science,  we  must  extend  the  conclusions  and  results 
obtained  from  the  observation  of  a  certain  number  of 
facts,  to  the  purpose  of  discovering  others  ;  and  thus 
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the  geologist  is  destined  to  pursue  his  investigations 
and  extend  his  discoveries,  by  the  consideration  of 
analogies,  and  by  inferences  from  limited  observa- 
tions ;  by  a  combination  of  the  operations  of  analysis 
and  synthesis,  according  to  the  rigid  rules  of  philoso- 
phical induction.  Geology  thus  necessarily  assumes 
a  high  rank  among  the  sciences  ;  and  if  it  has  not  yet 
obtained  to  such  an  eminence  as  to  claim  a  place 
among  those  which  are  esteemed  accurate,  its  cultiva- 
tors have  the  greater  stimulus  to  observe  rightly  and 
reason  truly;  that  they  may  place  it  on  that  proud 
elevation  in  the  honours  of  which  they  must  them- 
selves participate. 

To  illustrate  these  remarks  by  a  reference  to  the 
actual  state  of  geological  knowledge,  to  the  facts  and 
analogies  already  ascertained,  to  those  by  which  a 
mere  observer  may  be  misled,  and  to  those  modes  of 
proceeding  by  which  the  truth  may  be  established, 
would  be  abundantly  easy.  But,  to  the  student,  it 
would  now  require  the  anticipation  of  many  details  ; 
and  hereafter,  when  he  shall  have  been  put  into  pos- 
session of  them,  it  will  no  longer  be  necessary. 

Disgusted  with  visionary  theories,  actuated  by  a 
spirit  of  opposition,  or  influenced  by  narrow  views, 
many  geologists  have  wished  to  stop  short  in  this  ca- 
reer; surrounding  themselves  with  a  circumscribed 
boundary,  and  refusing  to  inquire  into  those  revolu- 
tions, of  which  the  earth  every  where  presents  the 
most  impressive  traces,  to  attempt  an  explanation  of 
their  causes,  or  to  connect,  by  a  just  theory,  all  those 
marks  of  change  which  are  the  proper  objects  of  a 
philosophical  system  of  Geology.  Others,  have  op- 
posed the  progress  of  rational  geology,  by  confound- 
ing primary  and  secondary  causes.  Because  the  poe- 
tical imagination  of  Button  has  created  worlds,  they 
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refuse  to  inquire  into  the  agencies  by  which  the  ma- 
terials of  this  earth  have  been  disposed  and  modified, 
by  which  they  are  alternately  renewed  and  destroyed, 
by  which  all  the  changes,  of  which  it  displays  the 
marks,  are  caused  to  work  together  to  one  great  end. 
But  even  the  philosophical  geologist  does  not  inquire 
how  the  great  Creator  of  the  universe  produced  the 
globe  that  we  inhabit.  He  is  content  with  investigat- 
ing the  secondary  causes  by  which  its  materials  as- 
sumed their  present  form  and  disposition,  the  laws  which 
regulate  those  incessant  changes  by  which  every  thing 
is  alternately  destroyed  and  renewed,  yet  where  no- 
thing of  all  that  has  been  created  is  lost.  Had  as- 
tronomers been  content  to  know  that  the  earth  was  a 
sphere  and  that  the  planets  performed  their  revolu- 
tions in  stated  times,  had  the  force  of  gravity  remained 
unknown  because  they  refused  to  investigate  secondary 
causes,  the  nature  of  the  tides  would  yet  have  been  a 
mystery,  like  the  complicated  motions  of  the  moon, 
and  comets  would  still  have  been  objects  of  astonish- 
ment and  terror. 

But  the  human  mind  is  so  constituted  that  it  cannot 
rest  content  with  facts.  If  it  possesses  innate  propen- 
sities, the  investigation  of  causes  is  assuredly  one  of 
them.  The  very  geologist  who  disclaims  all  theory, 
has  his  own;  the  lowest  of  the  vulgar  desire  reasons. 
We  cannot  open  our  eyes  without  seeing  daily  changes 
on  the  surface  of  our  globe.  Rivers  alter  their  courses, 
and  lakes  are  obliterated,  by  the  transportation  of 
earth.  Mountains  are  levelled  with  the  plains  by  the 
action  of  rains  and  frost;  and  valleys  are  filled  up  by 
their  ruins.  An  earthquake  alters,  in  an  instant,  the 
whole  face  of  a  country,  and  a  volcano  overwhelms  it 
with  new  rocks.  These  phenomena  irresistibly  com- 
pel us  to  inquire  whether  similar  causes  may  not,  in 
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distant  times,  have  produced  analogous  effects ;  whether 
they  are  capable  of  explaining  the  appearances  which 
meet  our  view.  Hence  the  investigation  of  secon- 
dary causes  becomes  inevitable;  and  hence  geological 
theories  become  inseparable  from  geological  appear- 
ances. The  laws  which  govern  the  phenomena  of  na- 
ture, force  themselves  irresistibly  on  our  attention. 
They  are  strictly  involved  with  the  analogies  which 
regulate  all  our  reasonings  and  direct  our  observations ; 
and,  without  them,  we  cannot  proceed  a  step  on  firm 
ground.  They  distinguish  the  philosopher  from  the 
empiric;  and  combine  scattered  observations  into  a 
body  of  useful  and  rational  science.  Even  in  the 
science  of  Nature,  as  in  that  of  numbers,  the  assump- 
tion of  imaginary  or  erroneous  laws,  leads  to  the  dis- 
covery of  the  true.  The  history  of  astronomy  is,  in 
itself,  a  lesson  to  those  who  ignorantly  undervalue  the 
pursuit  of  general  laws*  Bewildered  in  spheres  and 
vortices,  it  arose,  as  in  a  moment,  complete,  from  the 
theory  of  gravitation. 

Hence  the  consideration  of  secondary  causes  forms, 
not  only  a  legitimate,  but  an  essential  part  of  geolo- 
gical science.  That  science,  like  all  others,  comprises 
the  history  of  all  the  facts  which  it  involves;  and, 
from  these,  it  establishes  certain  general  analogies. 
Ascending  a  step  higher,  it  declares  the  laws  which 
have  regulated,  and  will  continue  to  regulate,  all  the 
phenomena  of  the  globe;  and  thus  finally  establishes 
a  legitimate  theory  of  the  Earth. 

But  a  work  of  this  extent,  involving  such  an  ex- 
tensive series  of  phenomena,  cannot  soon  be  perfected. 
It  may  not  yet  have  been  even  sketched;  since,  of  the 
truth  of  those  schemes  which  have  been  proposed, 
we  can  have  no  valid  evidence  but  that  arising  from 
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their  adaptation  to  a  majority  of  those  phenomena, 
of  which  not  many  have  yet  been  examined  with 
sufficient  care.  Many  theories  may  be  reconcileable 
with  a  superficial  view  of  geological  phenomena;  but 
the  formation  of  a  correct  one  requires  an  accurate 
and  an  extensive  acquaintance  with  these.  Few  re- 
searches are  more  complicated  and  arduous ;  and  there 
are  none,  of  which  the  facets  are  more  diversified,  more 
dispersed,  and  more  difficult  to  disentangle.  Nor  are 
there  any,  of  which  the  causes  are  more  difficult  of 
access,  and  further  removed  from  the  common  track 
of  observation  and  experiment.  Yet  the  general  improve- 
ments of  science,  and  the  light  which  all  its  branches 
mutually  throw  on  each  other,  cannot  probably  fail, 
ultimately,  to  place  geological  science  on  a  firm  and 
durable  foundation.  Its  very  difficulties  present  the 
highest  inducements  which  can  be  offered  to  an  am- 
bitious mind;  and  he  will  have  little  reason  to  con- 
gratulate himself  on  the  results  of  his  industry  or 
acuteness,  who,  disclaiming  the  true  ends  of  philoso- 
phy, is  content  with  the  objects  that  occupy  his  cabinet, 
with  the  discovery  or  the  classification  of  a  rock. 

He  whose  views  are  formed  in  a  right  spirit, 
will  not  rest  here.  Science  requires  of  him  much 
more.  He  must  be  familiar  with  the  wider  and  greater 
relations  of  all  the  substances  in  nature ;  his  duty  is 
to  combine  a  careful  study  of  particular  instances  with 
comprehensive  general  views,  to  compare  the  minutest 
analogies,  to  contrast  the  most  insensible  differences, 
and  to  explain  obscure  or  doubtful  appearances  by 
others  of  a  clear  and  decided  character. 

He  will  pursue  nature  amidst  her  minutest  as  among 
her  most  gigantic  features;  exploring  her  in  every 
variety  and  gradation  of  her  works,  and  always  reiiiem- 
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bering  that  she  can  only  be  understood  by  him  whose 
mind  can  alike  apprehend  the  parts  and  grasp  the 
whole.  But  it  is  his  duty  also  to  recollect,  that,  by 
premature  generalization,  he  may  obstruct  his  own 
progress  and  that  of  his  Science.  To  fill  a  blank  is 
tempting:  but  a  vacuity  is  often  preferable  to  a 
blank  badly  filled.  The  imperfection  is  less  sensible 
than  the  defect;  while  it  is  apt  so  to  establish  itself 
as  to  be  with  difficulty  discarded. 


CHAP.  II. 

On  the  particular  Objects  and  Ends  of  Geological 

Investigation. 

• 

A  VERY  superficial  examination  of  the  objects  which 
surround  us,  is  sufficient  to  show  that  the  substances 
which  constitute  the  accessible  portions  of  the  globe, 
are  numerous  and  various,  and  that  their  positions  and 
mutual  relations  are  irregular  and  intricate.  Granite 
and  marble,  slate  and  sandstone,  furnish  the  materials 
of  architecture,  the  metals  and  coal  are  the  foundation 
of  the  arts.  The  same  rocks  that  constitute  the  ridge 
of  Jura  occupy  the  plains  of  England,  and  the  basalts 
that  repose  on  the  granites  of  the  Andes  are  found 
beneath  the  limestones  of  Sky.  A  thousand  pheno- 
mena record  the  revolutions  which  these  substances 
have  undergone.  The  fragments  of  former  rocks  are 
reconsolidated  to  form  new  mountains,  the  remains  of 
animals  that  have  existed  beneath  the  ocean  are  im- 
bedded in  the  loftiest  Alps,  and  the  vegetables  that 
once  flourished  in  the  light  of  day  are  buried  beneath 
the  solid  strata. 

A  very  general  view  of*  the  objects  which  comprise 
the  immediate  pursuit  of  the  geologist,  will  here  be 
sufficient.  The  most  obvious  of  these  is  the  nature  of 
the  rocks  which  constitute  the  accessible  portions  of 
the  globe ;  and,  in  these,  it  is  necessary  to  distinguish 
the  mineral  composition,  the  peculiarities  of  structure, 
the  varieties  which  they  may  present,  and  the  families 
or  species  into  which  they  have  been  already  divided, 
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or  by  which  they  may  be  arranged.     Their  peculiari- 
ties of  form  and  disposition,  whether  constituting  ir- 
regular masses,  strata,  or  veins,  are  subsequent  objects 
of  consideration  ;  and  their  natural  history  is  rendered 
complete  by  investigating  their  order  of  succession  or 
their  other  mutual  relations,  the  influence  which  they 
may  exert  on  each  other,  the  general  analogies  which 
they  bear  to  the  whole  system,  and  the  causes,  nature, 
and  consequences  of  the  changes  which  they  have  un- 
dergone or  may  be  undergoing.     Lastly,  for  the  pur- 
poses of  mineral  topography,  it  is  necessary  to  deter- 
mine their   geographical   boundaries :    the    geologist 
being  thus   enabled,  by  the  aid  of  maps  and  sections, 
to  refer  accurately  to  them,   whether  for  economical 
objects  or  the  mere  purpose  of  elucidation.     The  exa- 
mination of  mineral  or  metallic  veins,  forms  another 
distinct  object  of  geological  investigation:  nor  is  the 
geologist  exempted  from  the  study  of  minerals,  though 
mineralogy  has  been  erected  into  a  separate  pursuit. 
The  mineralogist  may  pursue  the  minutiae  of  his  own 
department,  with  little  aid  from  geology ;   but  he  will 
be  a  very  imperfect  geologist  who  is  not  acquainted 
with  those  objects,  for  the  discovery  of  which,  mine- 
ralogy will  most  frequently  be  indebted  to  him. 

If  the  multitude  and  variety  of  organic  remains 
shall  appear  sufficient  to  exempt  the  geologist  from  a 
minute  investigation  of  all  these  objects,  and  to  permit 
him  to  divide  this  labour  with  the  cultivators  of  Zoo- 
logy and  Botany,  still  it  is  his  especial  duty  to  deter- 
mine the  substances  in  which  they  are  imbedded,  the 
nature  and  relative  antiquity  of  these,  and  a  multitude 
of  other  circumstances  which  it  would  now  be  super- 
fluous to  detail.  For  his  own  immediate  ends,  he  must 
possess,  at  least  a  considerable  knowledge  of  the  cha- 
racters and  analogies  of  fossil  animals  and  vegetables. 
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and  of  the  relations  which  they  bear  to  the  corre- 
sponding beings  which  now  inhabit  the  earth.  But  he 
must  not  forget.,  at  the  same  time,  that  Extinct  Zoo- 
logy and  Botany  do  not  constitute  Geology;  and,  in 
the  study  of  the  inhabitants  of  our  earth,  forget  the 
earth  itself.  The  general  bearings  of  these  belong  to 
this  science:  but  the  objects  belong  to  other  depart- 
ments of  nature. 

An  examination  of  the  changes  actually  taking  place 
on  the  surface  of  the  earth,  and  of  those  which  have 
formerly  occurred,  constitute  another  distinct  branch 
of  the  pursuits  of  a  geologist.  These  include  the 
waste  and  degradation  of  mountains,  and  the  conse- 
quent results;  together  with  the  various  causes  by 
which  their  materials  have  been  thus  transferred. 

The  phenomena  of  volcanoes  form  the  last  division 
of  those  pursuits  which  it  is  necessary  to  enumerate. 
In  these,  whether  living  or  extinct,  his  attention  is 
called  to  the  appearances  which  their  eruptions  display, 
and  the  consequences  resulting  from  them  ;  to  the 
rocks  which  they  have  formed,  and  to  the  nature  of 
those  which  they  have  overwhelmed.  Lastly,  amid 
all  these  facts,  among  these  various  objects  and  actions, 
lie  must  seek  for  those  analogies,  and  assign  those 
causes,  on  which  all  the  appearances  before  him  depend. 

On  such  a  basis  may  a  scheme  of  geological  inves- 
tigation be  conceived;  but  we  are  not  yet  in  a  condi- 
tion to  form  a  regular  one. 

Were  all  the  facts  and  analogies  that  appertain  to 
Geology  attained  and  proved,  it  would  be  easy  to  treat 
the  subject  and  its  proofs  in  a  systematic  order.  But 
it  would  then  be  the  science  which  we  are  as  yet  but 
seeking.  In  this  defect,  however,  it  only  partakes  with 
all  the  Natural  sciences:  whether  exceeding  them,  or 
otherwise,  in  that  respect,  I  need  not  here  inquire. 
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The  present  duty  of  a  systematical  inquiry,  is  to 
describe  objects  and  actions  which  cannot  all  yet  be 
classed  under  general  divisions  and  laws ;  and  it  cannot 
avoid  proposing  analogies  and  inferences  which  it 
is  unable  to  prove;  while  it  must  also  make  use  of 
proofs  which  are  themselves  to  be  proved  hereafter, 
or  prove  several  laws  by  one  or  more  facts,  or  the 
reverse;  thus  necessarily  becoming  entangled  among 
future  and  retrospective  references.  Hence,  the  order 
which  would  be  desired,  cannot  be  adopted.  And 
hence  also  it  may  be  useful  to  give  a  sketch  of  an 
order,  which,  however  dry  and  repulsive  it  may  appear, 
will  serve  to  indicate  the  catenation  of  the  facts  and 
inferences. 

The  materials  of  this  inquiry  are  Objects  and  Actions ; 
the  result  constitutes  Inferences ;  and  these  are  retro- 
spective, as  well  as  present  and  future.  The  Retrospect 
is  the  material  for  a  Theory  of  the  Earth. 


OBJECTS. 

The  Objects  are  the  MATERIALS  of  the  Earth. 

The  Materials  are,  ROCKS  and  FRAGMENTS. 

The  Rocks  are,  STRATIFIED  and  UNSTRATIFIED. 

ROCKS  and  FRAGMENTS  are  formed  of  the  same  sub- 
stances. 

The  substances  are  simple  earths,  including  oxydes, 
or  minerals. 

Rocks,  and  the  larger  Fragments,  are  composed  of 
Earths  or  of  Minerals,  and  of  Animal  and  Vegetable 
matters  compacted. 

They  are  compacted  by  Mechanical  approximation, 
or  by  Chemical  action,  or  by  both  united. 
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ROCKS. 

STRATIFIED  ROCKS  have  been  deposited  from  water. 

They  have  been  produced  from  fragments,  or  from 
dissolved  substances,  or  from  both. 

They  have  been  consolidated  by  mechanical  forces, 
or  by  chemical  actions,  or  by  both. 

They  were  once  horizontal  in  position,  or  nearly  so, 
and  their  positions  ate  now  various. 

They  were  once  continuous  and  straight  planes,  or 
nearly  so,  as  far  as  their  extent;  and  they  are  now  bent, 
fractured,  and  separated. 

They  were  once  unmixed  with  un stratified  rocks, 
and  they  are  now  intermixed  with  these. 

Being  essentially  composed  of  minerals,  they  also 
contain  the  remains  of  animals  and  vegetables. 

They  were  once,  or  oftener,  below  water,  and  they 
are  now  above  it. 

They  are  repeated  in  consecutive  and  parallel  order, 
of  the  same,  or  of  different  kinds. 

Every  consecutive  and  parallel  scries  was  formed 
beneath  one  water,  and  during  one  denned  period  of 
repose. 

There  are  more  than  one  or  two  sets  of  the  conse- 
cutive and  parallel,  separated  from  the  approximate, 
which  occupy  other  and  different  angles. 

There  is  a  frequent,  if  not  a  necessary,  interposition 
of  consolidated  fragments  at  these  points. 

With  rare  exceptions,  every  stratum  is  of  later  origin 
than  the  one  next  below  it. 

UNSTRATIFIED  ROCKS  have  been  produced  from 
below  the  stratified. 

They  are  found  below  these,  or  above  them,  or  in- 
termixed in  the  forms  of  masses,  beds,  and  veins. 
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The  intermixture  is  attended  by  mechanical  and 
chemical  changes  in  the  stratified  rocks. 

They  have  been  consolidated  after  fusion,  and  their 
structure  is  necessarily  chemical. 

Volcanic  rocks  present  all  the  same  characters. 

An  unstratified  or  a  volcanic  rock  may  be  of  later 
origin  than  the  stratum  above  it. 

FRAGMENTS. 

These  consist  of  portions  of  rocks,  of  minerals,  of 
earths,  and  of  vegetable  and  animal  substances. 

They  occupy  the  surface  of  the  solid  earth,  either 
above  the  water  or  beneath  it. 

They  have  been  produced  by  the  destruction  of 
rocks,  and  by  vegetables  and  animals. 

They  have  been  deposited  by  gravity  and  by  the 
motion  of  water. 

ACTIONS. 

Actions  are  the  results  of  animal  and  vegetable  life 
and  destruction,  of  water  and  the  force  of  gravity,  or 
of  fire. 

By  organic  production  and  destruction,  its  objects 
become  portions  of  the  Fragments,  or  form  Strata, 
or  parts  of  these. 

By  WATER  and  GRAVITY,  the  solid  rocks  are  broken 
into  fragments,  and  deposited  on  the  land  or  beneath 
the  water 

By  WATER,  animal  remains  are  mineralized,  and 
vegetable  ones  bituminized;  both  classes  of  change 
being  of  graduating  characters. 

FIRE  acts  in  Volcanoes,  which  are  visible  or  in- 
visible. 

It  elevates  the  superincumbent  materials  of  the 
earth,  whether  solid  or  otherwise. 
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It  produces  fluids  which  become  rocks;  and  these 
are  formed  beneath,  or  among  the  rocks  of  the  earth, 
or  above  them. 

These  rocks  possess  the  various  characters  of  the 
Unstratified  ones,  and  produce  the  same  effects. 

Among  the  consequences  of  elevation,  are  the 
production  of  displacements  in  the  superincumbent 
water,  and  of  torrents  or  currents. 

RETROSPECT. 

The  inferences  from  OBJECTS  and  ACTIONS  connect 
the  present  with  the  Past;  and,  in  a  more  limited 
manner,  with  the  Future. 

The  fragments,  and  the  solution,  of  former  rocks, 
and  earths,  in  former  WATER,  produced  the  present 
STRATIFIED  ROCKS. 

The  effects  of  former  FIRE,  produced  the  UNSTRA- 
TIFIED ROCKS,  with  the  consequences  attributed  to 
them. 

Former  races  of  living  animals  and  vegetables,  in 
different  waters  and  on  different  lands,  produced  the 
objects  of  this  nature  now  found  in  rocks  and  frag- 
ments. 

The  successive  consecutions  of  distinct  parallelisms 
among  the  Stratified  rocks,  infer  as  many  distinct 
conditions  of  the  globe. 

The  time  requisite  for  the  production  of  STRATIFIED 
ROCKS  and  for  the  reproduction  of  Animals  and 
Vegetables,  imply  prolonged  intervals  between  each 
condition. 

The  powers  which  produced  the  unstratified  rocks 
and  displaced  the  stratified,  were  the  immediate  causes 
of  the  revolutions. 

Each  change  from  one  Condition  to  another,  im- 
plies one  Revolution. 
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The  predominant  Revolutions  have  consisted  in  the 
elevation  of  the  submarine  stratified  rocks;  but,  in  one 
case,  possibly  in  more,  the  revolution  has  been  a  de- 
pression of  rocks  beneath  the  water. 

The  interior  of  the  Earth  contains  a  permanent 
source  of  heat,  competent  to  the  powers  of  fusion 
and  expansion. 

A  certain  portion  of  it  is  permanently  fluid. 

It  contains,  or  has  contained,  cavities. 

It  consists  of  matter  heavier  than  any  known  rocks. 

It  approximates  to  the  figure  which  would  be  pro- 
duced by  its  diurnal  revolution  were  it  a  fluid. 

With  respect  to  the  FUTURE,  it  is  inferred  that  the 
present  actions  are  tending  to  produce  a  new  condition, 
analogous  to  that  which  is  just  past. 

The  duty  and  purpose  of  the  imperfect  investiga- 
tion, the  only  one  yet  in  our  power,  is  to  examine  the 
classes  of  Objects  and  Actions,  to  indicate  the  infe- 
rences, and,  lastly,  to  describe  the  remaining  Objects 
which  belong  to  Geology,  as  a  branch  of  Natural 
History  ;  or  as  an  Art,  of  which  some  comprise  or 
repeat  necessary  proofs,  others  add  superfluous  ones, 
and  a  third  set  are  as  yet  incapable  of  classification 
for  the  purposes  of  the  Science. 
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CHAP.   III. 

On  the  general  Form  and  Constitution  of  the  Globe. 

THERE  are  many  points  in  the  history  of  our  globe, 
respecting  which  Geology  and  Astronomy  mutually 
throw  light  on  each  other.  If  the  variations  of  gravity 
on  different  parts  of  the  surface,  and  the  peculiarities 
of  figure  on  which  they  in  some  measure  depend,  are 
subjects  for  the  especial  consideration  of  the  Astro- 
nomer, it  is  the  duty  of  Geology  to  investigate  those 
circumstances  in  the  history  and  condition  of  the 
earth  with  which  they  are  connected. 

Although,  in  a  popular  and  general  sense,  the  form 
of  the  earth  is  that  of  a  globe,  it  has  long  since  been 
established,  by  the  measurement  of  degrees  on  diffe- 
rent parts  of  its  surface,  that  its  figure  is  not  spherical. 
These  trials  having  shown  that  the  meridional  degrees 
increased  in  length  from  the  equator  towards  the 
poles,  it  followed  that  the  radius  of  curvature  was  less, 
or  shorter,  near  the  former  than  the  latter,  or  that  the 
earth  formed  an  oblate  spheroid,  of  which  the  polar 
axis  was  less  than  the  equatorial. 

Thus,  that  which  had  been  previously  suspected 
from  mathematical  considerations,  became  apparently 
proved  by  mathematical  experiments  ;  namely,  that 
the  form  of  the  earth  tended,  at  least,  to  that  which 
would  result  from  its  fluidity  at  some  period  of  its 
existence,  combined  with  the  rotatory  motion  of  all 
its  parts  on  the  polar  axis. 

For  this   important    fact,    geology  is   indebted   to 
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astronomy,  which  thus  establishes,  if  not  an  original 
or  subsequent  state  of  universal  fluidity  in  the  earth,  a 
succession  of  actions,  at  least,  in  which  a  certain 
portion  of  it  has  either  been  fluid  at  one  period,  or  at 
successive  periods,  or  has,  in  some  other  way,  been  so 
possessed  of  internal  mobility  as  to  have  been  capable 
of  fulfilling  the  conditions  of  this  problem. 

Numerous  experiments  and  observations,  followed 
by  the  requisite  calculations,  and  from  different  data, 
have  been  made,  at  different  times,  for  the  purpose  of 
determining  the  exact  figure  of  this  spheroid  ;  and  the 
subject  has  also  recently  been  resumed  with  consider- 
able ardour  and  anxiety.  It  would  here  be  to  trans- 
gress the  proper  bounds  of  this  sketch,  to  detail  the 
whole  of  this  subject,  which  is  of  considerable  extent; 
nor  need  I  even  give  the  whole  of  what  had  been 
concluded  as  to  it  by  different  mathematicians,  since 
the  more  recent  calculations  will  be  sufficient  for  the 
purpose  here  in  view.  Though  it  has  resulted,  how- 
ever, that  the  form  of  this  ellipsoid  is  not  that  which, 
from  abstract  mathematical  considerations,  it  had  been 
conceived,  we  are  scarcely  yet  entitled  to  suppose  that 
even  the  most  recent  conclusions  have  truly  solved 
this  problem.  But  I  shall  merely  tabulate  these 
results  without  further  commentary  or  explanation, 
as  they  would  be  unsuitable  in  this  place.  The  ellip- 
ticities  are  given  in  parts  of  the  equatorial  axis,  as 
usual,  and  require  no  other  explanation, 

1.  Sir  Isaac  Newton  .^ 

2.  Playfair,  from  the  Meridians  of  Pern,  and 

between  Dunkirk  and  Perpigruin 

3.  Ditto,  from  the  Meridian  in  Peru  and  that 

between  Clifton  and  Dunnose 

«j.V,h3 

4.  French  report  in   the    Systeme  Metrique     J- 
VOL.  i.  C' 
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5.  La  Place,  from  fifteen  pendulums 

«ili» 

6.  Ditto,  a  second,  from  more  arcs 

308 

7.  Ditto,   by  analysis   from   pendulums,   and 

from  the  lunar  inequalities  arising  from 
its  oblateness  - 

306,&7 

8.  Ditto,   a  second,   from  further  similar  ob- 

servations 

810 

9.  Mr.  Ivory  -  -^ 

J  •  295,5 

10.  Sabine,    from    pendulums,    by    Clairault's 

formula  - 

288,4 

11.  Ditto,  from  Kater's  observations 

289 » 5 

12.  Ditto,  from  Arago  and  Biot's 

288,5 

13.  Medium 

289,1 

Such  is  the  present  state  of  this  question  ;  but  it 
has  also  been  conceived,  from  different  observations, 
that  the  meridians  are  not  themselves  elliptical  ;  and 
the  law  of  the  diminution  has  further  appeared,  to 
some,  to  be  unexpectedly  irregular,  as  if  the  figure  of 
the  earth  was  very  complicated ;  while  the  examina- 
tion of  measurements  made  to  the  south  of  the  equator, 
at  the  Cape  of  Good  Hope,  and  elsewhere,  seems 
further  to  prove  that,  so  far  from  being  a  solid  of 
revolution,  the  two  hemispheres  on  the  opposite  sides 
of  the  equator  do  not  correspond,  either  in  figure  or 
magnitude.  But  I  must  pass  from  this  subject,  as  yet 
far  too  obscure  to  permit  us  to  feel  satisfied  respecting 
many  of  these  supposed  results. 

If  the  earth  were  a  homogeneous  fluid,  with  the 
force  of  gravity  placed  in  its  centre,  and  diminishing 
in  the  other  parts  of  the  mass  in  the  direct  ratios  of  their 
distances  from  that  point,  the  spheroid  must  be  an 
ellipsoid  of  revolution ;  as  no  other  form  will  produce 
the  equilibrium  of  all  the  imaginary  columns  between 
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the  centre  and  circumference,  which,  under  the  cir- 
cumstances of  a  greater  centrifugal  force  in  the  equa- 
torial parts,  and  the  consequent  diminution  of  gravity 
in  these  regions,  must  balance  each  other. 

Now  as,  on  the  surface  of  the  earth,  there  is  a 
diminution  of  gravity  as  we  proceed  from  the  poles  to 
the  equator,  depending  partly  on  the  greater  distance 
of  the  equatorial  surface  from  the  centre,  and  partly  on 
the  greater  quantity  of  its  centrifugal  motion,  we  can 
determine  what  this  force  ought  to  be  at  different 
points  ;  and  if  the  Newtonian  hypothesis  be  admitted, 
the  force  of  gravity  at  the  poles  will  exceed  that  at  the 
equator  by  a  similar  quantity. 

But  the  actual  force  of  gravity  on  the  different  parts 
of  the  surface  may  be  measured  by  the  pendulum,  as 
the  tabular  view  just  given  indicates:  a  greater  number 
of  vibrations  being  performed  in  a  given  time,  in  pro- 
portion as  that  force  increases  at  any  particular  point. 
Thus  astronomy  furnishes  both  calculations  and  expe- 
riments from  which  geology  may  derive  information 
relating  to  the  interior  parts  of  the  earth,  and  may 
learn  whether  the  whole  globe  is  of  homogeneous 
density  or  not.  For  if  we  assume  the  Newtonian 
hypothesis,  the  force  of  gravity  should  increase  from 
the  equator  to  the  pole,  so  that  the  latter  should  ex- 
ceed the  former  by  —^  part ;  or  if  the  force  of  gravity 
at  the  equator  be  expressed  by  1,  its  increase  at  the 
pole  should  be  0,00435.  But  observations  on  the 
oscillations  of  the  pendulum  in  different  latitudes  gave 
reason  to  suppose  that  this  increase  is  0,00567  ;  and 
hence  it  would  be  inferred  that  the  earth  is  not  homo- 
geneous. It  has  been  truly  said,  in  observing  on  this 
conclusion,  that  the  earth  needs  not  therefore  be  stra- 
tified throughout :  nor  is  there  indeed  any  geologist 
who  now  believes  this:  but  when  it  is  said  that  the 

c  2 
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increase  of  density  towards  the  centre  does  not  pre- 
vent it  from  being  a  homogeneous  substance,  chemi- 
cally speaking,  it  is  to  conjecture  of  what  chemistry 
is  unable  to  comprehend  at  present,  from  not  knowing 
what  the  consequences  of  extreme  compression  would 
he  on  any  substance. 

The  same  general  results  are  deducible  from  those 
experiments  by  which  the  actual  specific  gravity  of  the 
globe  of  the  earth  has  been  determined  :  it  ought  ra- 
ther to  be  said,  by  which  an  approximation  has  been 
made  to  the  solution  of  this  problem.  It  is  not  here 
necessary  to  describe  the  experiment  of  Mr.  Cavendish ; 
but  a  brief  sketch  of  that  of  Dr.  Maskelyne,  will  not 
be  uninteresting  to  the  geological  reader  ;  as  its  accu- 
racy involves  certain  questions  respecting  the  nature 
and  disposition  of  the  rocks  at  the  surface  of  the  earth. 

In  this  experiment,  a  trigonometrical  survey  of  the 
mountain  Schihallien  was  made,  by  which  its  figure 
and  bulk,  as  far  as  these  were  necessary,  were  ascer- 
tained ;  Meridional  stations  were  then  selected  on 
opposite  sides,  and  the  distance  between  these  being 
referred  to  the  known  length  of  the  meridian  at  that 
parallel,  their  latitudes  were  inferred  The  apparent 
difference  of  latitude,  deduced  from  the  zenith  dis- 
tances of  certain  stars  observed  from  the  two  stations, 
being  then  compared  with  that  obtained  from  the 
trigonometrical  measurement,  was  found  to  be  11 '',6 
greater.  Thus  the  sum  of  the  deviations  of  the 
plumb  line  at  the  north  and  south  observatories  was 
computed  ;  the  zenith  positions  having  been  separa- 
ted from  each  other  in  consequence  of  the  attractions 
of  the  plummet  towards  the  vertical,  by  the  mass  of 
the  hill.  By  subsequently  comparing  the  attraction 
of  this  mass  with  that  of  the  whole  earth,  or  to  the 
force  of  gravity,  it  was  found  to  be  as  1  to  1 7804. 
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The  mean  density  of  the  earth  to  that  of  the  moun- 
tain was  afterwards  found  to  be  nearly  as  9  to  5,  or 
more  precisely  as  17804  to  9933.  Thus  it  was  con- 
cluded that  it  must  be  composed  oT  substances  such, 
that  their  mean  density  must  be  nearly  the  double  of 
those  rocks  which  compose  Schihallien.  For  this 
purpose,  it  Avas  necessary  to  compare  the  weight  of 
the  matter  composing  the  mass  of  this  hill  with  that 
of  water,  or  to  ascertain  its  Specific  gravity  ;  an  ele- 
ment required  for  determining  the  mean  Specific  gra- 
vity of  the  terrestrial  globe,  which  was  sought. 

It  was  at  first  assumed  that  the  Specific  gravity  of 
Schihallien  was  3 ;  geological  knowledge  not  having 
at  that  time  made  much  progress  in  this  country. 
Geologists  will  be  pleased  in  reflecting,  that  as  the 
labours  of  mathematicians  and  astronomers  have  con- 
tributed to  throw  light  on  some  of  the  most  obscure 
parts  of  their  science,  so,  in  return,  has  geology  fur- 
nished the  means  of  completing  the  data  for  an  astro- 
nomical problem,  which,  without  its  assistance,  must 
have  ever  remained  imperfect,  and  produced  erroneous 
results.  The  mineralogical  investigations  of  Mr.  Play- 
fair  reduced  that  specific  gravity  to  2,7  or  2,8 ; 
and  if  2,75  therefore  be  assumed  as  the  specific 
gravity  of  Schihallien,  it  will  prove  that  the  mean 
specific  gravity  of  the  earth,  obtained  in  this  way,  is 
about  5. 

This  determination,  however,  can  only  be  considered 
as  an  approximation  to  the  truth.  It  interests  geo- 
logists, even  more  than  mathematicians,  to  consider 
why  it  is  not  perfect ;  since  the  doubtful  element  of 
the  calculation  rests  with  their  science.  It  is  neces- 
sary that  the  actual  weight,  or  specific  gravity,  of  the 
spheroid  into  which  the  attracting  mass  of  Schihallien 
is  resolved,  should  be  known.  Without  detracting 
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from  the  merits  of  Mr.  Playfair,  it  is  more  than  doubt- 
ful whether  he  has  succeeded  in  determining  this 
point.  If  the  form  and  situation  of  this  mountain 
were  such  as  to  offer  great  conveniences  to  the  mathe- 
maticians engaged  in  this  problem,  it  is,  unfortunately, 
deficient  in  uniformity  and  simplicity  of  structure. 
Not  only  is  it  a  matter  of  extreme  difficulty  to  ascer- 
tain the  true  distribution*  of  the  strata  throughout  the 
whole  mass,  but  the  specific^gravities  of  the  different 
materials  vary  in  such  a  manner  as  to  vacillate  between 
2,4  and  3,  or  even  more.  All  the  strata  are,  at  the 
same  time,  elevated  at  high,  but  unequal  angles ; 
while  it  is  also  difficult  to  discover  their  relative  pro- 
portions on  the  surface,  and,  still  more,  the  positions 
which  the  rocks  of  different  specific  gravities  assume 
in  the  interior  of  the  mountain ;  a  circumstance  of 
considerable  importance,  on  account  of  the  angular 
differences  of  the  action  of  the  several  columns  on  the 
plummet.  The  different  strata,  it  must  be  remarked, 
consist  of  quartz  rock,  micaceous  schist,  hornblende 
schist,  and  limestone. 

Under  these  uncertainties,  a  true  mean  specific 
gravity  could  neither  be  determined  nor  applied;  that 
element  could  only  have  been  perfect,  in  this  case, 
when  the  actual  specific  gravity  of  each  attracting  part 
of  the  hill,  and  the  quantity  of  each,  were  ascertained. 
A  tolerable  approximation,  it  is  probable,  has  never- 
theless been  made. 

It  must  now  however  be  further  observed,  that  such 
are  the  difficulties  which  attend  an  accurate  solution 
of  this  important  problem  by  this  method,  that  the 
plan  pursued  by  Mr.  Cavendish  is  preferred  by  ma- 
thematicians, as  are  the  results  which  have  been  ob- 
tained by  means  of  it.  La  Place,  nearly  following 
this,  makes  the  mean  density  of  the  Earth  to  be  02 
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instead  of  5,  as  Cavendish  had  made  it  5,48,  and 
allows  2j  for  the  superficial.  It  has  been  said  that 
this  latter  computation  is  too  low,  as  there  are  no 
rocks  which  are  so  low  in  specific  gracity  as  2i ;  and 
it  has  been  proposed  to  make  it  2f,  as  Playfair  has 
done;  so  as  to  allow  5,48,  as  Mr.  Cavendish  had  done 
before,  for  the  mean  density,  or,  taking  a  medium, 
5,4.  But  it  must  be  remembered  that  the  density  of 
the  ocean,  which  is  little  more  than  1,  is  to  be  taken 
largely  into  the  estimate  for  the  superficial  parts;  so 
that  La  Place's  computation  is  perhaps,  after  all,  the 
nearest  to  the  truth. 

It  now  follows,  that  the  matter  which  forms  the 
earth  increases  in  density  from  the  circumference  to- 
wards the  centre.  The  law  deduced  from  the  experi- 
ments on  the  specific  gravity  of  the  globe,  coincides 
with  the  results  which  have  already  been  shown  to 
follow  from  comparing  the  ellipsoid  of  the  earth  on 
the  principle  of  its  homogeneity,  with  observations 
on  the  vibrations  of  the  pendulum.  That  ellipsoid  is 
less  unequal  than  it  should  be  were  it  homogeneous 
throughout. 

The  irregularity  of  the  terrestrial  spheroid  has  been 
already  argued  from  the  measurement  of  degrees  on 
different  parts  of  its  surface:  it  will  not  be  useless  to 
show  how  this  conclusion  is  thought  to  be  confirmed 
by  observations  on  the  variations  in  the  force  of  the 
pendulum  in  different  places. 

If  the  earth  be  supposed  an  ellipsoid,  the  force  of 
gravity  at  its  different  points  may  be  determined  by 
calculation;  and  hence  the  pendulum  may  be  applied 
to  verify  this  regularity,  just  as  it  was  shown  capable 
of  ascertaining  whether  the  matter  of  the  earth  was 
homogeneous  or  not.  The  figure  of  the  earth  may 
consequently  be  determined,  cither  by  a  direct  measure- 


24  ON    THE    GENERAL    FORM    AND 

nient  of  the  degrees  on  different  parts  of  the  surface5 
or  by  observations  on  the  length  of  a  pendulum  re- 
quired to  produce,  in  the  same  places,  a  determined 
number  of  vibrations  in  a  given  time,     On  making 
these  comparisons,  the  coincidence  of  the   results  is 
found  to  be  so  imperfect,  as  to  have  led  also  to  the 
conclusion  that  the  figure  of  the  earth  is  far  more 
complicated  than  might  j^ave   been  imagined;  and  it 
has  thus  been  thought  to  present  notable  irregularities. 
That  many  of  the  discordant  results  in  question  are 
the  consequence   of  real  and  important  irregularities 
in  the  figure  of  the  terrestrial  spheroid,  may  prove  to 
be  true;  but  many  at  least  may,  with  equal  probability, 
be  sought  for  in  the  dispositions,  magnitude,  and  ele- 
vation of  continents,  and  islands,  and  in  the  varying 
depth   of  the    sea;    while   others    are   probably   the 
consequence  of  errors   caused  by  the  varying  density 
of  substances  which  lie  at  the  surface,  or  constitute 
the  deeper  seated  parts  of  the  globe. 

The  consequences  more  particularly  interesting  to 
geology  which  follow  from  the  preceding  observations, 
relate  principally  to  the  matter  and  the  composition 
of  the  earth,  and  to  the  events  which  have  been  the 
causes  of  its  actual  form.  Supposing  the  elliptic 
figure  to  be  demonstrated,  and  the  corresponding  in- 
crease of  lengths  in  isochronous  pendulums,  from  the 
equator  to  the  pole  to  show  a  regular  increase  of 
gravitation  in  the  same  manner,  the  earth  should  be 
symmetrical,  or  the  densities  round  the  centre  equal, 
and  regularly  increasing  inwards. 

As  it  is  not  necessary  for  the  present  purpose  to 
be  very  minute,  it  is  sufficient  to  say  that  the  heaviest 
rock  with  which  we  are  acquainted  at  the  surface  of 
the  earth  is  about  3,  and  the  lightest  little  more  than 
2| ;  while  the  specific  gravity  of  the  ocean,  which  forms 
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bo  large  a  part  of  the  surface  scarcely  exceeds  1.     To 
compute  the  mean  density  of  the  superficial  parts   of 
the  solid  earth,  is  evidently  impossible ;  hut  it  prohahly 
cannot  much  exceed  2*,  as   already  observed;  and  as 
the  depth  of  the  ocean   has  been  proved  by   La  Place 
to   be  necessarily  considerable,  while  we  are  equally 
sure  that  we  have   deep  access  to  the  earth,  from  the 
elevation  of  mountainous  strata,   we  may   safely  sup- 
pose a  superficial  crust,  of  many  miles  in  depth,  in- 
cluding the  water  and  the   land,  not  exceeding  2l  in 
weight.     But  the  mean  density  of  the  earth  itself  is  5| 
or  more  than  double  that   quantity;  and  hence  the 
interior  parts  of  the  globe  must  possess  a  greater  spe- 
cific gravity  than  5i,  to  counterbalance  this  want  of 
weight  at  the  surface.     It  is  also  clear,  that  this  spe- 
cific gravity  must  be  even  such  as  to  be  equivalent  to 
that  of  many  metals ;  and  hence  it  has  been  conjectured 
that,  instead  of  being  formed  of  rock,   the  interior 
parts  of  the  earth  must  be,  in  some  degree  at  least,  of 
a  metallic  nature-     If,  as  was  also  shown  from  mathe- 
matical considerations,  there  is  a  gradual  increase  of 
density  towards  the  centre,  it  becomes  still  more  pro- 
bable, that  the  nucleus  of  the  earth  is  metallic.     This 
supposition  has  been  supposed  to  receive  additional 
force  from  the  phenomena  of  magnetism ;  the  nature 
and  position  of  the  magnetic  centres  having  been  ima- 
gined to  imply  the  existence  of  a  central  mass  of  iron: 
and  it  is  thought  to  be  confirmed  still  further  by  those 
chemical  facts  which  teach  us  that  the  rocks  are  formed 
of  metallic  oxydes. 

But  what  the  density  of  the  centre  of  the  globe 
ought  to  be,  on  this  view  of  its  structure,  has  also 
been  computed  on  the  theory  of  compressibility.  If 
5,4  be  taken  as  the  mean  density,  instead  of  o,5  as 
given  by  La  Place,  and  the  ellipticilies  be  taken  re- 
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meat  of  the  degrees  on  different;  parts  of  the  surface, 
or  by  observations  on  the  length  of  a  pendulum  re- 
quired to  produce,  in  the  same  places,  a  determined 
number  of  vibrations  in  a  given  time.     On  making 
the-se  comparisons,  the  coincidence  of  the   results  is 
found  to  be  so  imperfect,  as  to  have  led  also  to  the 
conclusion  that  the  figure  of  the  earth  is  far  more 
complicated  than  might  Jjave   been  imagined;  and  it 
has  thus  been  thought  to  present  notable  irregularities. 
That  many  of  the  discordant  results  in  question  are 
the  consequence   of  real  and  important  irregularities 
in  the  figure  of  the  terrestrial  spheroid,  may  prove  to 
be  true;  but  many  at  least  may,  with  equal  probability, 
be  sought  for  in  the  dispositions,  magnitude,  and  ele- 
vation of  continents,  and  islands,  and  in  the  varying 
depth   of  the    sea;    while   others    are    probably   the 
consequence  of  errors   caused  by  the  varying  density 
of  substances  which  lie  at  the  surface,  or  constitute 
the  deeper  seated  parts  of  the  globe. 

The  consequences  more  particularly  interesting  to 
geology  which  follow  from  the  preceding  observations, 
relate  principally  to  the  matter  and  the  composition 
of  the  earth,  and  to  the  events  which  have  been  the 
causes  of  its  actual  form.  Supposing  the  elliptic 
figure  to  be  demonstrated,  and  the  corresponding  in- 
crease of  lengths  in  isochronous  pendulums,  from  the 
equator  to  the  pole  to  show  a  regular  increase  of 
gravitation  in  the  same  manner,  the  earth  should  be 
symmetrical,  or  the  densities  round  the  centre  equal, 
and  regularly  increasing  inwards. 

As  it  is  not  necessary  for  the  present  purpose  to 
be  very  minute,  it  is  sufficient  to  say  that  the  heaviest 
rock  with  which  we  are  acquainted  at  the  surface  of 
the  earth  is  about  3,  and  the  lightest  little  more  than 
2,| ;  while  the  specific  gravity  of  the  ocean,  which  forms 
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bo  large  a  part  of  the  surface  scarcely  exceeds  1.     To 
compute  the  mean  density  of  the  superficial  parts   of 
the  solid  earth,  is  evidently  impossible ;  hut  it  probably 
cannot  much  exceed  21,  as   already  observed;  and  as 
the  depth  of  the  ocean   has  been  proved  by   La  Place 
to   be  necessarily  considerable,  while  we  are  equally 
sure  that  we  have   deep  access  to  the  earth,  from  the 
elevation  of  mountainous  strata,   we  may   safely  sup- 
pose a  superficial  crust,  of  many  miles  in  depth,  in- 
cluding the  water  and  the   land,  not  exceeding  2*  in 
weight.     But  the  mean  density  of  the  earth  itself  is  5J 
or  more  than  double  that   quantity;  and  hence  the 
interior  parts  of  the  globe  must  possess  a  greater  spe- 
cific gravity  than  5j,  to  counterbalance  this  want  of 
weight  at  the  surface.     It  is  also  clear,  that  this  spe- 
cific gravity  must  be  even  such  as  to  be  equivalent  to 
that  of  many  metals ;  and  hence  it  has  been  conjectured 
that,  instead  of  being  formed  of  rock,   the   interior 
parts  of  the  earth  must  be,  in  some  degree  at  least,  of 
a  metallic  nature-     If,  as  was  also  shown  from  mathe- 
matical considerations,  there  is  a  gradual  increase  of 
density  towards  the  centre,  it  becomes  still  more  pro- 
bable, that  the  nucleus  of  the  earth  is  metallic.     This 
supposition  has  been  supposed  to  receive  additional 
force  from  the  phenomena  of  magnetism ;  the  nature 
and  position  of  the  magnetic  centres  having  been  ima- 
gined to  imply  the  existence  of  a  central  mass  of  iron: 
and  it  is  thought  to  be  confirmed  still  further  by  those 
chemical  facts  which  teach  us  that  the  rocks  are  formed 
of  metallic  oxydes. 

But  what  the  density  of  the  centre  of  the  globe 
ought  to  be,  on  this  view  of  its  structure,  has  also 
been  computed  on  the  theory  of  compressibility.  If 
5,4  be  taken  as  the  mean  density,  instead  of  5,5  as 
given  by  La  Place,  and  the  ell iplici ties  be  taken  re- 
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bute  the  fluidity  of  the  earth  to  fire,  the  difficulty,  if  it 
be  supposed  one,  may,  in  the  same  way  as  in  the  case  of 
solution  in  water,  be  diminished  by  limiting  the  fusion 
to  the  same  crust  covering  the  inscribed  sphere,  of 
which  the  diameter  is  nearly  coincident  with  the  length 
of  the  Polar  axis.  But  though  it  is  demonstrable  that 
the  great  mass  of  the  superficial  rocks  has  been  depo- 
sited from  water,  that  fact,  as  of  more  recent  date* 
is  not  incompatible  with  such  a  theory.  Adopting 
this  supposition,  we  must  however  explain  the 
loss  of  that  heat  which  must  have  been  extricated 
on  the  cooling  of  such  a  mass.  For  this  purpose, 
recourse  has  been  had  to  the  chemical  changes  and 
combinations  in  which  heat  is  absorbed  or  becomes 
latent ;  and  if  this  explanation  is  attended  with  diffi- 
culties, it  is  conceived  that  the  doctrine  of  radiation 
offers  a  satisfactory  solution. 

That  the  planetary  bodies,  as  well  as  the  solar  ones, 
must  and  do  radiate  their  heat  into  free  space,  is 
a  doctrine  to  which  we  cannot  well  refuse  our  assent; 
and  thence  the  mean  temperature  of  the  ambient  void, 
imperfectly  indicated  by  that  of  our  own  polar  regions. 
It  is  almost  unnecessary  to  say,  that  if  the  earth  was 
even  that  heated  body  which  this  theory  supposes,  it 
must,  like  a  solar  one,  have  radiated  its  heat  until  its 
surface,  at  least,  had  subsided  to  that  temperature ; 
omitting  here  any  consideration  of  the  solar  action. 
Hence,  the  cooling  of  the  earth  from  a  high  state  of 
former  heat,  is  not  the  impossibility  which  has  been 
imagined ;  while  the  laws  which  regulate  its  progress 
through  conducting  bodies,  would  permit  the  co- 
existence of  the  present  superficial  temperature  with 
any  imaginable  one  in  its  interior  parts. 

But  another  hypothesis  to  explain  the  statical  figure 
of  the  earth  has  been  proposed,  founded  on  the  changes 
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which  it  is  actually  undergoing,  and  appears  to  have 
undergone,  from  the  waste  of  its  surface  and  the  pro- 
trusion of  rocks  from  its  interior  parts. 

If  it  were  a  solid  sphere  surrounded  by  an  ocean  of 
a  limited  depth,  and  that  a  certain  movement  of  ro- 
tation became  communicated  to  it,  the  water  on  the 
equatorial  regions  would  rise  so  as  to  produce  a  zone, 
while  the  polar  surfaces  would  become  dry.  Thus  the 
division  of  sea  and  land  would  form  two  circumpolar 
continents  with  an  intermediate  ocean.  If  again  it  be 
imagined  that  from  any  causes  of  destruction,  the  ex- 
posed land  were  worn  down,  and  its  ruins  carried 
forwards  into  this  sea,  a  series  of  strata  would  be 
formed,  inducing  a  disposition  to  the  statical  figure 
of  the  solid  earth.  The  ultimate  result  of  this  change, 
is  the  ellipsoid  already  mentioned.  At  the  same  time, 
the  unequal  hardness  of  the  originally  exposed  land, 
would  be  the  cause  of  irregularities  in  its  new  form, 
similar  to  those  existing  on  the  dry  surface  of  this 
globe.  Under  similar  circumstances,  be  the  actual 
figure  of  the  globe  and  its  irregularity  what  they  may, 
there  would  be  the  same  constant  approach  to  the 
statical  figure  ;  nor  could  any  rest  take  place  till,  by 
the  general  balance  of  forces,  this  ultimate  form  had 
been  assumed.  The  only  figure  calculated  to  resist 
the  effect  of  gradual  changes,  is  that  which  is  pro- 
duced by  the  changes  themselves. 

The  result  of  this  reasoning  is,  that  any  spheroid  of 
solid  matter,  which  is  partly  covered  with  water,  and  is 
subject  to  those  actions  of  waste  above  it,  accompanied 
by  processes  of  reconsolidation  beneath,  which  exist 
in  the  earth,  must  ultimately  assume  the  form  of  an 
ellipsoid  of  rotation,  as  perfectly  as  if  it  had  been  fluid 
throughout.  Time  alone  is  necessary  for  that  per- 
fect change ;  and  it  is  supposed  that  we  have  no  rra- 
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sons  for  limiting  the  time  through   which  the   globe 
of  the  earth  has,  in  some  form  or  other,  existed. 

It  is  esteemed  another  argument  in  favour  of  this 
view,  that  while  it  explains,  equally  well  with  the  hy- 
pothesis of  fluidity,  the  general  statical  form,  it  also 
accounts  for  those  irregularities,  great  as  well  as  small, 
by  which  that  is  supposed  to  be  modified.  Revolu- 
tions of  the  surface  occurring  during  the  system  of 
progressive  change,  counteract  the  ultimate  result: 
while  original  inequalities  of  figure  or  of  hardness, 
and  greater  power  of  resistance  in  certain  parts,  will 
also  explain  why,  even  during  so  long  a  period  of 
time  as  may  safely  be  granted,  a  more  perfect  general 
figure  has  not  yet  been  obtained.  The  hypothesis  of 
universal  fluidity  is  said  to  be  comparatively  deficient ; 
as,  under  this  theory,  no  deviation  from  the  statical 
figure,  beyond  those  irregularities  which  constitute  the 
immediate  surface  of  the  land,  ought  to  have  oc- 
curred. 

A  plausible  hypothesis  is  not  however  necessarily 
true.  Geological  readers  need  scarcely  be  informed 
by  whom  this  one  was  proposed;  and  it  is  not  difficult 
to  perceive  the  bias  by  which  he  was  influenced. 
The  presumed  irregularities  of  the  earth  by  which  it 
was  chiefly  supported,  are  by  no  means  ascertained. 
Mathematicians  are  far  from  satisfied  respecting  those 
deviations  which  I  have  noticed  in  this  chapter,  and 
on  which  it  was  the  business  of  this  hypothesis  to 
dwell.  The  apparent  irregularities  of  the  meridians 
which  have  been  deduced  from  observations  in  Eng- 
land or  elsewhere,  have  not  convinced  astronomers 
that  the  earth  is  that  irregular  body  which  it  con- 
ceives. 
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CHAP.  IV. 

On  the  general  Disposition  of  the  Surface  of  the 
Globe. 

To  CONSIDER,  in  all  its  details,  the  subject  which 
forms  the  title  of  this  Chapter,  would  he  to  trespass 
on  the  province  of  Physical  Geography.  But  this 
department  of  Geographical  science  is  in  so  many 
points  implicated  with  geology,  that  it  is  impossible 
to  avoid  bestowing  on  it  some  consideration,  although 
it  cannot  here  be  allowed  a  large  space.  If  it  is  the 
business  of  the  Geographer  to  trace  the  outlines  of 
coasts  and  islands,  and  the  directions  of  chains  of 
mountains,  it  is  that  of  the  geologist  to  assign  the 
positions  and  courses  of  the  strata  by  which  these  have 
been  modified  or  determined.  Geology  teaches  the 
Geographer  the  nature  of  the  changes  by  which  lakes 
have  been  obliterated,  by  which  rivers  have  changed 
their  courses ;  it  conducts  him  from  the  mountain  to 
the  plain,  and  shows  him  why  that  which  was  once 
sea  is  now  firm  land.  In  contemplating  the  rocks  of 
Niagara  it  foresees  a  period  when  that  torrent  shall  no 
longer  plunge  into  the  abyss  below;  and,  in  viewing 
the  fires  of  JEtna,  it  detects  the  causes  that  erected 
the  splendid  colonnades  of  Staflfa  and  Sky. 

Of  the  Distribution  of  Sea  and  Land. 

The  most  prominent  circumstance  in  the  surface 
of  the  earth  relates  to  the  general  distribution  of  sea 
and  land;  and  if  that  which  appears  to  be  the  next 
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remarkable  feature,  namely,  the  inequality  of  its  ele- 
vations, be  considered,  it  is  plain  that  these  are  merely 
convertible  propositions.  With  the  forms  of  conti- 
nents or  the  distribution  of  islands,  geology  can  there- 
fore have  no  concern,  otherwise  than  as  these  are 
necessary  consequences  of  differences  of  elevation,  and 
are  dependent  on  Geological  causes. 

Those  who  have  treated  of  physical  geography, 
have  attempted  many  generalizations  on  this  subject; 
but  these  seem  to  establish  no  principles,  and  they 
add  nothing  to  that  knowledge  which  may  be  derived 
with  much  more  ease  from  the  inspection  of  a  terres- 
trial globe.  If  we  examine  what  has  been  written  on 
the  directions  of  Capes  and  coasts,  or  the  correspon- 
dences of  bays  and  head-lands,  we  shall  find  nothing 
which  can  be  referred  to  any  general  law.  Whatever 
modifications  exist,  they  are  particular  cases;  and, 
wherever  they  occur,  they  depend  on  the  altitudes  and 
directions  of  elevated  land,  or  on  the  positions  of  the 
mouths  of  rivers ;  circumstances  which,  as  far  as  they 
are  subject  to  any  rules,  will  be  examined  hereafter. 

The  greatest  elevation  of  land  has  been  measured; 
but  its  greatest  depression,  being  concealed  by  the. 
sea,  is  beyond  the  reach  of  our  instruments.  Thus  we 
are  still  ignorant  of  the  quantity  by  which  the  least 
extreme  diameters  of  the  solid  earth  differ  from  the 
mean  mathematical  ones. 

But  by  La  Place's  computation,  founded  on  the 
theory  of  the  tides,  the  mean  depth  of  the  sea  must 
be  four  leagues.  If  we  admit  that  to  be  only  its  ex- 
treme depth,  and  that  the  height  of  the  Hi malya  ridge 
is  5  miles,  we  shall  have  a  minimum  diameter  differing 
from  the  greatest  by  ~-Q  part,  nearly,  of  the  mean. 
But  whatever  the  maximum  differences  of  such  in- 
equalities are  now.  it  is  certain  that  they  have  once 
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been  much  more  considerable.  This  is  proved  by  the 
degradation  of  mountains,  and  by  the  formation  of 
submarine  deposits ;  circumstances  by  which  there  is 
a  constant  tendency  to  restore  the  mean  diameter 
throughout  the  globe,  and  thus  to  afford  the  means, 
not  only  of  producing  at  some  future  time  a  spheroid 
more  regular  than  the  present,  but  of  conducing  to- 
wards the  perfection  of  that  figure  treated  of  in  the 
last  Chapter. 

Little  as  we  know  respecting  the  form  of  the  bottom 
of  the  sea,  it  is  still  certain  that  it  possesses,  like  the 
surface  of  the  dry  land,  its  mountains  and  valleys. 
The  soundings  of  mariners,  limited  as  they  yet  are, 
have  proved  that  which  might  have  been  inferred 
without  experiment.  Between  Greenland  and  Ame- 
rica, this  shoaling  of  the  water  produces  that  sub- 
marine hill  on  which  the  icebergs  ground  and  rest  so 
late  in  the  summer  as  to  impede  the  navigation  across 
the  bay  when  it  is  free  along  the  shores.  On  the 
coasts  of  Newfoundland,  and  in  many  places  round 
our  own  islands,  similar  elevations  are  the  favourite 
resorts  of  Cod  and  other  fish,  producing  the  cod  banks 
of  fishermen;  while  those  hills,  elevated  to  a  still 
greater  altitude,  form  the  islands  that  are  every  where 
scattered  over  the  ocean.  The  sounding  line  often 
detects  the  forms  and  extent  of  these  when  the  depths 
are  not  too  considerable,  and  discovers,  that  as  on 
shore,  they  vary  in  the  steepness  of  their  acclivities. 
In  the  same  way,  vallies  are  found  depressed  beneath 
the  general  surface  of  the  bottom;  as  are  the  beds  of 
our  lakes  on  the  land:  and  on  the  coast  of  Shetland, 
these  vallies,  presenting  a  sudden  depth  of  seven 
hundred  feet,  or  more,  are  the  favourite  haunts  of 
the  Ling,  as  the  hills  are  of  the  Cod. 

Were  it  not  known  to  be  the  fact,  it  might  easily 
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be  concluded  that  the  low  lands  were  bounded  by 
shallow  seas,  and  that  deep  seas  accompanied  moun- 
tainous shores.  The  soundings  of  mariners  have  long 
since  proved  this  to  be  the  case ;  and  it  has  often  been 
turned  to  use  in  navigation  and  pilotage.  The  fri- 
gate that  dares  not  carry  sail  on  the  coasts  of  Holland 
or  England  without  the  constant  use  of  the  lead,  stands 
on  fearless  through  the  narrow  fiords  of  Norway,  raking 
the  cliffs  with  her  yard  arms.  Where  the  sestuaries 
of  rivers  enter,  there  also  shoal  water  is  to  be  expected ; 
and  this  state  of  the  bottom  often  extends  to  a  great 
distance,  as  at  the  mouths  of  the  Oroonoko  and  the 
Plate  river. 

If,  lastly,  the  submarine  surface  be  examined,  it 
will  rarely  be  found  naked  and  rocky ;  and  only  so  in 
those  places  where  it  rises  into  acute  peaks  or  sudden 
elevations.  Like  the  land,  it  is  covered  with  an 
alluvium :  forming  the  soil,  in  some  places,  on  which 
submarine  vegetables  grow,  where  shell  fish  reside, 
and  where  fishes  deposit  their  spawn ;  but  answering 
the  far  more  important  purpose  of  laying  the  founda- 
tion of  future  terrestrial  strata. 

Of  Mountains  and  Valleys. 

The  most  conspicuous  objects  on  the  land  are  the 
mountains  ;  those  repositories  in  which  the  Geologist 
reads,  in  the  most  intelligible  language,  that  which  it 
is  his  object  to  learn.  Much  has  been  written 
respecting  their  arrangement  and  distribution ;  and, 
with  the  usual  morbid  love  of  generalization,  much 
has  been  laid  down  which  is  little  better  than  ima- 
ginary. The  reader  must  not  expect  to  find  here  a 
technical  language  which  is  founded  on  attempts  to 
define  that  which  is  indefinite :  a  minute  logic  dealing 
in  words  rather  than  things,  and  producing  the  usual 
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results  that  have  always  heen  produced  by  unideal 
phraseology. 

The  elevations  of  mountains  present  the  first 
palpable  object  of  curiosity,  and  one  which  has 
assuredly  met  the  full  consideration  which  it  deserves, 
excepting  as  it  may  be  esteemed  a  mere  fact.  This  is, 
however,  a  natural  consequence  of  the  awe  produced 
by  the  bulks  and  forms  of  these,  by  the  desolation  and 
nakedness  in  which  nature  is  here  displayed,  and  by  the 
picturesque  effects  or  the  terror  consequent  on  the  at- 
mospheric phenomena  in  which  they  abound.  It  is 
here  that  man  can  best  compare  himself  with  the 
objects  around ;  where  he  becomes  most  conscious  of 
the  insignificant  spot  which  he*  occupies  on  the  earth. 

The  highest  elevation  of  the  globe  is  that  of  the 
Himalya  mountains,  which  form  the  sources  of  the 
principal  rivers  of  India.  I  will  not  here  do  more 
than  allude  to  certain  similar  elevations  lately  asserted 
to  exist  in  Peru,  as  they  have  not  been  verified.  The 
altitude  of  the  Himalya  appears  to  have  been  at  length 
satisfactorily  determined,  attaining  to  25,749  feet. 
But  as  this  is  a  subject  of  a  numerical  nature^  it  is 
best  to  select,  from  the  tables  often  published,  a  few 
of  the  most  conspicuous  elevations  throughout  the 
world.  They  whose  curiosity  on  this  subject  extends 
further,  may  refer  to  records  that  are  in  the  hands  of 
every  one. 

PHET. 

Snowdon,  the  highest  of  England  -  3,568 

Scotland.     Ben  Lawers,  Ben  Nevis,  and  Ben 

Mhuc  Dhubh,  above  -  4,000 

Macgillicuddy's  Reeks.     Ireland  -  3,404 

Iceland.     Snaefell  -  0,860 

Norway.     Swickee  -  -  6,658 
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FEET. 

Sweden.     Areskutan  -      6,180 

Hanover.     Brocken  3,690 

Bohemia.     Ochsenkopf  3,980 

Switzerland.     Mont  Blanc  15,680 

Tyrol.     Oertler  Spitz  15,430 

Saltzburg.     Ostelle  -    12,800 

Hungary.     Lomnitz ;  Carpathians  8,640 

Spain.     Pic  Blanc.     Pyrenees  10,205 

France.     Canigou  9,290 

Italy.     Etna  10,963 

Vesuvius  3,900 

Turkey.     Lebanon  9,520 

Ararat  -      9,500 

Greece.     Olympus  -      6,500 
Ida  4,960 

Athos  3,353 

Thibet.     Himalya  25,749 

Teneriffe.     Pico"  -    12,236 

Caucasus.     Elbrouz  -    16,700 

Mginwary  -    14,400 

South  America.     Chimbora^o  -    20,909 

Jamaica  -      7,431 
North  America.     Mount  St.  Elias  12,672 

North  Pacific.     Mouna  Roa  12,700 

The  arrangement,  or  distribution,  of  mountains, 
whether  as  it  relates  to  the  general  surface  of  the 
earth  or  to  particular  tracts,  has  been  a  subject  of 
much  discussion,  and  of  dissertations  not  a  little 
tainted  by  error  and  prejudice.  An  imaginary  regu- 
larity of  extended  chains  from  S.  W.  to  N.  E.  has  not 
only  been  stated  with  as  much  confidence  as  if  it 
really  existed,  but  it  has  evon  been  asserted  that  all 
the  great  chains  of  the  earth  preserved  a  general 
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parallelism,   and  lay  between  certain  fixed  points  of 
the  compass. 

This  fact,  real  or  imaginary,  but  sufficiently  real  in 
certain  places,  has  been  connected  with  another  cir- 
cumstance, namely,  that  the  strata  themselves  held  the 
same  general  directions,  aud  that,  at  the  same  time, 
they  were  parallel  to  each  other.  Within  small  dis- 
tances, parallelism  and  bearings  on  the  compass  will 
doubtless  agree ;  but  if  it  be  attempted  to  generalize 
this  agreement  for  much  larger  spaces,  or  for  the 
whole  globe,  the  want  of  thought  which  dictated  this 
conclusion  becomes  detected.  It  is  evident  from  the 
doctrine  of  the  sphere,  which  has  been  overlooked  in 
these  reasonings,  that  two  strata  with  north  bearings, 
for  example,  however  parallel  for  a  short  distance, 
will  -intersect  at  the  poles  if  indefinitely  prolonged ; 
and  that,  if  meeting  from  a  quadrant's  distance,  they 
will  cross  each  other  at  right  angles.  It  will  be  shown 
in  another  place,  that  the  directions  of  strata,  even 
for  small  spaces,  do  not  always  regulate  those  of 
mountainous  ridges  ;  although  there  is  unquestion- 
ably, in  many  parts  of  the  world,  a  great  consistency 
in  the  elevations,  and  consequent  bearings,  of  the 
stratified  rocks. 

With  respect  to  the.  consistent  parallelism,  simi- 
larity, or  direction,  of  extended  elevations,  we  have 
Saussure's  authority  for  the  great  irregularity  of  the 
Alps,  and  Ramond's  for  that  of  the  Pyrenees.  The 
Cordillera  of  Mexico  is  an  elevated  platform,  never 
less  than  5000  or  6000  feet  in  height ;  nearly  parallel 
to  the  western  ocean,  and  the  higher  summits  are 
irregularly  placed  upon  it.  In  India,  the  Ghauts 
flank  the  western  side  of  the  peninsula,  and  their 
summit  is  an  irregular  platform.  The  high  ridge  of 
Peru  is  not  a  chain,  nor  does  it  even  resemble  that  of 
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Mexico ;  since  the  elevated  summits  form  its  crest, 
and  it  is  intersected  by  deep  transverse  vallies.  The 
Norwegian  mountains,  in  the  same  manner,  have  a 
northerly  direction.  Thus  there  are  exceptions  suf- 
ficent  to  prove  that  the  extension  of  mountain  chains 
from  N.  E.  to  S.  W.  is  imaginary.  But  to  examine 
the  real  directions  of  all  the  ridges  and  elevations  of 
the  globe,  is  the  business  of  physical  geography. 
It  is  sufficient  for  the  present  purpose  to  state  the  ex- 
ceptions, that  no  fallacious  geological  conclusions  may 
be  drawn  from  an  ideal  and  universal  direction.  And 
when  it  is  stated  that,  in  the  Pyrenees,  the  direction 
of  the  strata  is  E.  S.  E.,  in  Sweden  and  Finland  S. 
and  S.  S.  W.,  in  Scotland  S.  W.  and  S.  S.  W.,  in 
Mexico  S.  E.,  and  in  the  Allegany  S.  W.,  it  will  not 
be  necessary  to  produce  a  greater  approximation  of 
examples. 

With  respect  to  the  particular  distribution  of  the 
subordinate  parts  of  any  group  of  mountains,  whether 
extended  or  otherwise,  it  is  subject  to  irregularities 
that  admit  of  no  rule  ;  though  it  has  been  the  source 
of  much  trifling  discussion  and  of  many  frivolous 
distinctions.  If  mountains  had  been  formed  and  dis- 
posed every  where  by  some  invariable  law,  and  again 
acted  on  and  demolished  by  other  invariable  laws, 
such  enquiries  might  claim  the  merit  attached  to  the 
investigation  of  truth,  and  lead  to  eventual  utility. 
It  is  almost  superfluous  to  say  that  neither  of  these 
is  the  fact.  They  consist  of  various  rocks,  of  unequal 
qualities,  unequal  forms,  and  unequal  distribution  ; 
and  they  have  been  acted  on  so  as  to  have  lost  their 
original  forms,  by  causes  which,  in  the  ordinary  ac- 
ceptation of  the  term,  have  been  regulated  by  chance. 
That  an  irregular  conoidal  mountain  rising  from  a 
plain,  should  possess  a  summit  higher  than  all  the 
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surrounding  ones  which  form  its  sides,  is  a  mere  re- 
petition of  the  proposition  itself;  and  that,  among 
many  eminences,  one  or  more  should  be  higher  than 
the  others,  is  an  arrangement  that  might  be  expected. 
If  rivers  run  down  the  sides  of  a  lengthened  declivity 
they  must  in  time  produce  ridges  at  angles  to  its 
course ;  and  where  these  rivers  themselves  bend  at 
angles,  their  boundaries  must  correspond,  or  a  salient 
angle  must  be  opposed  to  a  re-entering  one.  These 
are  truisms  which  add  nothing  to  knowledge  ;  arid  the 
discussion  of  them  may  be  left  to  those  in  whose  eyes 
they  possess  estimation. 

As  the  direction  of  mountain  ridges  has  been  said 
to  bear  a  certain  constant  relation  to  the  meridian,  so 
it  has  been  asserted  that  the  steepest  declivities  and 
precipices  always  respected  one  point  of  the  horizon. 
A  predominant  North-west  declivity  has  been  sup- 
posed, for  example,  to  exist  in  Scotland  ;  and  indeed 
those  who  have  directed  all  their  mountain  chains  to 
the  North-east,  have  placed  their  precipices  to  the 
North-west.  By  comparing  testimonies,  the  state  of 
the  facts  will  soon  appear ;  and  it  will  then  be  time 
enough  to  shew  what,  from  geological  considerations, 
they  ought  to  be. 

Bergman  first  appears  to  have  remarked  that,  in 
North  ridges,  the  western  declivity  was  steepest,  and 
in  east  ones  the  southern  ;  but,  in  quoting  his  exam- 
ples, he  has  overlooked  the  exceptions.  The  obser- 
vations of  Buffon,  De  La  Metherie,  and  others,  rest 
on  similar  grounds  ;  and,  according  to  Forster,  the 
south  and  south  east  sides  are  the  steepest.  In  the 
Crimea,  in  the  Hartz,  in  the  mountains  which  sepa- 
rate Saxony  from  Bohemia,  and  in  the  Carpathians, 
the  southern  declivity  is  the  most  rapid  \  as  is  also  the 
case  in  Guiana,  according  to  Condamine.  The  chain 
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that  separates  Norway  from  Sweden  is  steepest  on  its 
western  side  ;  as  are  the  chains  of  the  Oural,  the 
Ghauts,  the  Cordillera,  and  the  mountains  of  Syria. 
The  mountains  of  Kamtschatka  are,  on  the  contrary, 
said  by  Pallas  to  be  steepest  on  the  eastern  sides ; 
while  those  which  separate  Silesia  from  Bohemia,  the 
Meissner  in  Hessia,  a  considerable  portion  of  the 
Pyrenees,  and  some  of  the  mountains  of  Armenia  and 
Caucasus,  are  described  as  being  most  abrupt  in 
their  northern  declivities.  In  Scotland,  there  is  no 
predominant  tendency  to  be  traced  any  where  ; 
although  the  cause  from  which  such  tendencies  do 
actually  arise,  exists  in  that  country. 

Such  are  the  facts  ;  and  on  examining  the  causes, 
this  irregularity  is  justified.  It  would  require  four 
arrangements  to  render  an  universally  prevalent  decli- 
vity true  ;  and  neither  of  these  exists.  The  ridges 
ought  to  have  a  predominant  direction,  that  direction 
should  be  the  same  as  that  of  the  strata,  the  dips  of 
these  strata  should  be  always  to  the  same  point  of  the 
horizon,  and  all  mountains  should  consist  of  stratified 
rocks. 

It  is  only  requisite  to  determine  the  inclination  of 
the  strata  in  stratified  mountains,  and  their  greatest 
declivities  will  appear.  It  is  necessarily  found  at  the 
side  of  the  elevated  edges  ;  as,  on  this  quarter,  they 
are  most  subject  to  disintegration.  There  cannot 
therefore  be  a  predominant  declivity,  either  in  the 
cases  of  horizontal  or  vertical  strata,  or  where  the 
direction  of  the  strata  crosses  the  line  of  the  ridge  ;  as 
it  does  in  some  cases.  It  could  not  be  found  univer- 
sally in  one  quarter  of  the  horizon,  unless  all  chains 
had  the  same  direction  and  all  strata  the  same  incli- 
nation ;  nor  could  it  even  bear  a  respect  to  the  direc- 
tions of  individual  ridges,  unless  the  inclination  of 
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their  strata  was,  in  all,  analogous.  And  lastly,  as 
granite  and  trap  are  not  stratified,  they  can  he  sub- 
ject to  no  laws  ;  so  that  their  precipitous  sides  must 
be  determined  by  a  variety  of  incidental  causes. 

But  some  causes  of  great  moment  having  been  as- 
signed by  great  names,  for  facts  which  seem  to  have 
no  existence,  it  is  necessary  to  notice  them,  lest  this 
subject  should  appear  to  have  been  treated  too  lightly. 
Forster  and  Pallas  have  explained  the  imaginary  ge- 
neral declivity  of  mountains,  by  a  system  of  currents 
flowing  in  that  direction  ;  and  Kirwan,  finding  two 
declivities  to  contend  with,  has  been  compelled  to  in- 
vent two  diluvian  torrents.  It  is  admitted  that  there 
may  be  more  alluvium  or  soil  on  one  declivity  of  a 
mountain  than  another,  and  that  this  may  be  a  general 
feature  in  particular  districts,  as  it  is  said  to  be  in  some 
part  of  Scotland.  But  all  which  this  naked  facts  proves 
is,  that  the  alluvial  soil  finds  an  easier  resting  place  on 
the  gentlest  declivities,  or  that  it  accumulates  in 
greatest  quantity  at  the  foot  of  the  steepest.  It  is 
merely  a  collateral  and  necessary  effect  of  the  forms  of 
hills  ;  and  whatever  some  examples  may  prove  re- 
specting great  and  general  currents  of  water,  there  is 
not  a  shadow  of  evidence  of  their  power  to  demolish 
mountains.  Of  those  currents  which  have  taken  place 
on  the  surface,  we  must  seek  for  the  proofs  in  other 
facts  than  the  precipitous  faces  of  mountains. 

It  has  been  often  remarked,  that  the  highest  moun- 
tains lie  in  the  lower  latitudes,  and  that  as  we  leave 
the  equator,  the  elevations  diminish.  But  this  remark 
is  not  sufficiently  free  of  exceptions  to  serve  any  useful 
purpose ;  nor  does  it  appear  to  be  in  any  respect  con- 
nected with  those  peculiarities  with  regard  to  motion 
or  general  figure,  by  which  the  equatorial  are  distin- 
guished from  the  polar  regions.  But  it  is  usdess  to 
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pursue  questions  of  this  nature,  which  at  present  seem 
to  lead  to  no  useful  geological  results,  but  which  may 
be  recorded  with  propriety  among  the  independent 
facts  that  belong  to  physical  geography. 

The  term  mountain  is  of  very  vague  signification  ; 
and,  however  generally  limited  to  a  certain  scale  of 
altitude,  that  scale  is  rather  regulated  by  comparison 
than  by  a  fixed  rule.  The  hills  of  Tweedale  would  ex- 
cite far  different  sensatfons  in  the  plains  of  Poland, 
and  at  the  foot  of  ./Etna ;  and,  to  the  shepherds  of 
the  Valais,  the  elevations  of  Gogmagog  would  be  in- 
visible. Of  a  conventional  and  variable  term,  no  defi- 
nition can  be  given  ;  nor  is  it  required. 

The  sudden  ascent  of  a  very  high  mountain  from  a 
plain  is  rare  ;  and,  except  in  the  case  of  some  of  the 
volcanic  mountains,  it  is  scarcely  known.  As  moun- 
tains gradually  descend  in  altitude  they  become  hills ; 
and  thus  it  is  also  a  necessary  consequence,  that  hills 
formed  of  elevations  gradually  diminishing,  should  in- 
tervene between  the  higher  lands  and  the  plains.  The 
arrangements  of  such  hills  with  respect  to  the  higher 
mountains  which  they  accompany,  is  partly  regulated 
by  the  nature  of  the  rocks  and  the  position  of  the 
strata,  and  partly  by  the  water  courses  which  have  fur- 
rowed them  and  removed  the  materials  that  once  con- 
nected them  more  intimately  together.  But  it  is 
chiefly  in  the  higher  elevations  that  the  asperities  pro- 
duced by  naked  and  protruding  rocks  are  found. 
The  effects  of  the  atmosphere,  the  power  of  rain  and 
frost,  far  most  active  in  these  elevated  regions,  con- 
spiring with  the  force  of  gravity,  demolish  that  which 
can  find  no  resting  place  on  the  steep  declivities,  and 
thus  leave  naked  and  bare  those  pinnacles  and  preci- 
pices which,  with  different  views,  form  alike  the  study 
of  the  painter  and  the  geologist. 
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Hence  the  lower  elevations  are  rarely  marked  by 
conspicuous  asperities ;  and,  except  under  peculiar 
circumstances  of  climate  or  exposure,  or  when  formed 
of  certain  indestructible  rocks,  they  seldom  display 
the  nature  of  their  structure  or  contents.  More  com- 
monly they  are  covered  with  that  alluvial  soil  which 
finds  so  firm  a  resting  place  on  them ;  and  thus  their 
outlines  are  rounded  and  tame,  while  being  at  the 
same  time  favourable  to  the  uses  of  man,  they  are 
covered  with  vegetation.  If  ever,  in  the  lower  hills, 
the  naked  rock  is  displayed,  it  will  be  found  at  those 
places  where  the  elevated  edges  of  the  strata  lie,  and 
where  the  geologist  finds,  if  with  difficulty  yet  most 
securely,  those  indications  of  the  internal  structure  of 
a  country  which  are  of  so  much  easier  access  in  more 
elevated  regions. 

It  is  scarcely  necessary  to  say,  that  between  the 
spiry  and  rugged  mountain  and  the  flat  vacant  plain, 
every  degree  of  altitude  and  every  form  of  undulating 
surface  may  exist.  But  even  plains  are  sometimes 
considerably  elevated  above  the  sea ;  although  it  is 
more  usual  to  find  them  at  low  levels.  In  extent, 
they  vary  from  the  enormous  tracts  of  Asiatic  Russia 
and  the  sandy  deserts  of  Africa,  to  the  narrowest 
limits  of  those  which  diversify  the  undulating  lands 
of  England.  In  some  instances,  their  forms  depend 
on  the  horizontal  or  even  positions  of  the  strata  on 
which  they  lie ;  but,  in  many,  they  are  the  produce  of 
alluvial  deposits,  resulting  from  the  joint  action  of  the 
sea  and  rivers. 

Every  interval  between  two  hills  forms  a  valley  ; 
and  thus  the  extent,  the  forms,  the  dispositions,  and 
the  depths  of  vallies,  are  counterparts  of  the  cor- 
responding circumstances  in  the  elevated  lands  by 
which  they  are  determined  and  bounded.  In  the  most 
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abrupt  mountainous  regions,  the  vallies  are  conse- 
quently deep,  with  steep  sides,  often  precipitous  or 
rocky.  In  these  cases,  they  are  frequently  also  very 
narrow ;  the  opposite  sides  meeting  below,  without  an 
intervening  flat ;  and  forming  that  variety  well  ex- 
pressed by  the  Scottish  term  glen.  If  the  bottom  has 
an  uniform  declivity,  the  valley  then  give  passage  to  a 
permanent  stream  or  occasional  torrents  ;  if  curved,  it 
becomes  the  seat  of  a  mountain  lake. 

Where  the  declivity  of  the  bottom  of  such  a  valley 
is  gentle,  and  especially  where  the  breadth  is  consi- 
derable, alluvial  matters  in  time  accumulate  on  the 
lower  parts,  and  thus  a  plain  is  formed  within  it ; 
producing  that  peculiar  variety  of  shape  distinguished 
by  the  Scottish  term  Strath.  Lastly,  in  lands  of  lower 
undulation,  the  valley  expands  until  its  peculiarity  is 
at  length  lost  in  the  gently  undulating  plain.  It  will 
be  a  subject  for  future  inquiry,  how  far  the  forms  or 
the  existence  of  vallies  have  been  the  consequence  of 
the  action  of  rivers. 

Of  Springs,  Rivers,  and  Lakes. 

The  nature  and  existence  of  Springs,  as  forming 
the  origin  of  rivers,  is  one  of  those  circumstances  in 
the  physical  history  of  the  earth  which  is  peculiarly 
connected  with  the  phenomena  of  Geology.  But  it 
is  a  very  obscure  subject,  and  one  respecting  which 
we  can,  in  many  instances,  scarcely  form  a  rational 
conjecture. 

It  is  a  common  remark  by  writers  on  this  subject, 
that  springs  abound  most  in  mountainous  countries, 
and  that  they  break  out  at  the  feet  of  the  declivities. 
This  assertion  is  far  from  being  generally  true ;  parti- 
cularly if  we  include  those  which,  from  the  peculiar 
nature  or  declivity  of  the  surface,  are  unable  to  reach 
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it,  but  which  are  found  in  penetrating  some  particular 
stratum,  giving  rise  to  the  wells  commonly  used  for 
procuring  water  in  countries  of  low  elevation. 
Throughout  the  whole  mountainous  range  of  Scot- 
land, springs  are  rare,  nor  does  any  one  of  great  mag- 
nitude exist ;  all  the  great  rivers  of  that  country  being 
collected  originally  from  those  superficial  mountain 
torrents  that  proceed  from  the  hourly  rains  which  fall 
on  their  innumerable  elevated  sources.  In  the  com- 
paratively low  lands  of  England,  on  the  contrary,  they 
abound ;  while  those  of  the  Thames  and  other  rivers 
of  that  country,  are  testimonies  of  the  size  and  power 
with  which  they  break  forth,  far  from  the  declivities 
of  mountains. 

There  is  more  truth  in  the  observation  that,  where 
they  do  abound,  they  will  be  found  to  regard  the  in- 
clinations of  the  strata ;  breaking  out  at  the  foot  of 
that  declivity  which  is  formed  by  the  dip.  Thus  well- 
diggers  are  directed  in  their  search  ;  as  they  also  are 
by  observations  on  the  rocks  or  substances,  of  which 
the  several  strata  are  formed.  In  this  case,  the  water 
finds  its  way,  chiefly,  between  two  strata,  of  which 
the  lower  is  impermeable  to  it.  It  has  been  often  re- 
marked that  some  particular  rocks  abound  in  springs, 
while,  in  others,  they  are  rare  or  wanting ;  and  this, 
it  will  shortly  be  seen,  depends  chiefly  on  the  dispo- 
sition or  existence  of  fissures.  It  has  been  said  that 
they  were  common  in  the  trap  rocks ;  but,  in  Scot- 
land, that  rule  does  not  hold  good.  Thus  also,  in 
many  parts  of  the  Gneiss  of  Scotland,  springs  are 
scarcely  known  ;  whereas,  in  the  island  of  Guernsey, 
in  the  same  rock,  they  burst  forth  in  a  thousand 
places.  Such  assertions  must  be  added  to  the  endless 
examples  of  fallacious  generalization.  Throughout 
our  own  island,  it  may  be  observed,  that  they  are  not 
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only  most  frequent  in  the  stratified  rocks,  but  that 
they  are  principally  found  in  the  secondary  strata  and 
among  the  uppermost  of  these.  It  has  been,  in  a 
few  instances,  remarked,  that  they  burst  out  in  new 
places,  disappearing  in  former  ones  ;  or  that  they 
sometimes  appear  where  none  had  existed  before. 

It  was  already  observed  that  the  theory  of  springs 
was  very  defective.  I£  some  admit  of  explanation, 
others  seem  hitherto  to  defy  all  attempts  towards  it. 
The  rain  which  falls  on  the  surface,  penetrating  to  a 
certain  depth,  according  to  the  nature  of  the  subsoil, 
at  length  meets  with  an  impenetrable  stratum,  as  I 
just  remarked,  and,  gliding  along  its  surface,  breaks 
out  at  some  favourable  opening,  from  the  effects  of 
hydraulic  pressure.  In  other  cases,  it  may  be  con- 
ducted in  a  similar  manner  by  means  of  the  fissures 
in  which  some  classes  of  rock  abound.  Thus  also, 
if  a  bed  of  gravel  lies  above  clay,  the  water  may  be 
collected  on  the  surface  of  the  latter;  and  hence  again 
the  limestones,  which  so  often  abound,  not  only  in  fis- 
sures but  in  wide  rents  and  caverns,  sometimes  conduct 
even  subterranean  rivers,  as  in  Derbyshire.  A  peculiar 
disposition  of  such  fissures  will  thus,  when  combined 
with  hydrostatic  force,  sometimes  account  for  the 
phenomenon,  not  uncommon,  where  springs  arise  so 
high  up  in  hills  that  their  waters  could  not  have  been 
collected  from  above;  or  where,  as  in  the  Strophades 
and  in  the  small  island  of  Chisamil  in  Barra,  they 
break  out  in  spots  surrounded  by  the  sea. 

But  whatever  explanations  these  offer  of  some  cases, 
there  are  innumerable  others  to  which  they  are  inap- 
plicable, and  for  which  theories  have  been  invented  by 
Des  Cartes  and  other  philosophers,  which,  resting  on 
no  solid  foundation,  it  is  unnecessary  to  quote.  The 
perennial  spring  at  Willowbrig  in  Staffordshire,  is 


SURFACE    OF    THE    GLOBE.  47 

computed  to  discharge  more  water  annually  than  all 
that  falls  in  the  surrounding  country;  and  the  same, 
even  to  a  greater  degree,  is  true  of  that  of  the  Sorgne 
in  France.     It  has  been   imagined  that  such   springs 
were  produced  from  the  sea;  hut  neither   chemistry 
nor  hydrostatics  will  admit  of  such   deviations  from 
their  laws.     The  hot  springs  of  Bath  are  still  more 
inexplicable;  but  it  is  unnecessary  to   enumerate  all 
the  difficulties  of  this  nature  which  may  be  found  in 
the  writers  who  have  treated  of  this   curious  subject. 
That  it  is   connected  with  important  geological  facts 
as  yet   unknown   to  us,  is  unquestionable;  but  it  is 
fruitless  to  form  conjectures,  and  frivolous  to  construct 
hypotheses,  as  substitutes  for  knowledge. 

Although  considerable  streams  sometimes  arise  at 
once  out  of  the  earth  from  their  springs,  they  are  most 
commonly  formed  from  the  collected  tribute  of  the 
innumerable  small  rills  which,  in  hilly  countries, 
trickle  down  the  sides  of  mountains  ;  on  some  part  or 
other  of  which,  rain  is  seldom  wanting  for  many  days, 
or  even  hours.  In  summer  also,  the  gradual  melting 
of  the  snows  furnishes  those  resources  which  the  re- 
currence of  cloudless  weather  may  have  intercepted. 
It  is  for  this  reason  that  all  the  great  rivers  of  the 
world  have  their  rise  in  mountainous  countries ;  and, 
for  the  same  reason,  extensive  plains  often  present  arid 
tracts  unwatered  by  a  single  stream. 

In  our  own  country,  the  Tay  arises  from  sources 
that  may  fairly  be  called  innumerable.  The  Wolga 
and  the  Danube  are  each  formed  of  more  than  two 
hundred  principal  streams.  Among  those  which  the 
Amazon,  or  Maranon,  receives,  many  are  in  them- 
selves large  rivers  ;  and  thus,  as  the  length  of  their 
courses  increase,  most  of  the  great  rivers  of  the  earth 
are  constantly  augmenting  their  waters  till  they  vanish 
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in  the  sea.  Lakes  are,  in  some  instances,  the  imme- 
diate sources  of  rivers,  but  rather  in  a  geographical 
than  a  physical  sense ;  as  they  are  themselves  fed  by 
streams,  and  ought  rather  to  be  considered  as  basins 
interposed  in  their  courses.  It  is  not  in  Loch  Tay 
that  we  must  seek  the  source  of  that  river,  but  in  the 
innumerable  streams  which  contribute  to  swell  the 
Lyon  and  the  Tumel,  the  Isla,  the  Garry,  the  Lochy, 
the  Dochart,  and  the  Almond. 

As  rivers  which  are  fed  either  by  snow  or  rain  vary 
irregularly  in  summer  and  winter,  so  those  that  are 
much  indebted  to  snows,  as  the  Wolga,  are  fullest  in 
the  early  heats  of  May  and  June.  From  the  same 
causes,  many  mountain  streams  in  Peru  and  Chili, 
flow  only  in  the  day.  A  clue  to  discover  the  origin  of 
rivers  whose  sources  are  unknown,  is  thus  sometimes 
offered,  by  considering  the  places  and  tynes  of  perio- 
dical rains  or  summer  thaws,  and  by  comparing  these 
with  the  increase  of  their  waters.  This  species  of 
reasoning  has  often  been  applied  to  the  questions,  yet 
obscure,  which  concern  the  origin  and  courses  of  the 
Niger  and  the  Nile.  From  these  periodical  rains  or 
thaws,  arise  the  inundations  which  are  the  sources  of 
fertility  to  Egypt,  and  which  are  conspicuous  in  the 
Indus,  the  Ganges,  the  Plata,  and  many  other  rivers 
throughout  the  world. 

The  direction  of  rivers  is  necessarily  regulated  by 
the  form  and  elevation  of  the  lands  whence  they  arise 
and  through  which  they  flow ;  and,  as  far  as  particular 
tracts  are  concerned,  the  division  of  streams  to  oppo- 
site directions,  points  to  the  highest  level.  The  par- 
ticular history  of  these  courses  is  often  interesting,  but 
would  lead  beyond  the  bounds  to  which  the  present 
sketch  must  be  limited.  The  length  of  the  courses  of 
some  of  the  larger  rivers  of  the  world  is  very  great ; 
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and,  among  these,  the  great  rivers  of  America  are 
conspicuous.  The  course  of  the  Ganges  is  estimated 
at  2000  miles,  that  of  the  Nile  at  2400;  but  the 
Orellana  is  said  to  run  5000  miles  before  it  reaches 
the  sea.  Among  the  larger  rivers  of  the  earth,  may 
also  be  enumerated  the  Oby,  the  Jenissei,  the  Saint 
Lawrence,  the  Amazon,  the  Plata,  the  Lena,  the 
Amoor,  and  the  Hoanho  of  China.  The  breadth  of 
some  of  these  is  no  less  extraordinary  than  their 
length ;  the  Orellana  being  sixty  miles  broad  at  its 
exit,  and  the  Plata  ninety ;  the  mass  of  water  which 
they  bring  down  freshening  the  ocean  to  great  dis- 
tances from  their  aestuaries. 

The  sestuaries  of  rivers  vary  according  to  the  form 
of  the  land  which  they  last  quit ;  and,  in  the  larger, 
are  regulated  by  their  own  actions.  It  is  only  in 
rapid  declivities  in  general,  or  where  they  have  made 
more  deep  sections  in  the  land,  that  they  open  by  one 
mouth.  When  they  deposit  much  sand  and  mud, 
they  not  only  form  various  openings,  but  these  are 
subject  to  changes,  both  in  number  and  position ;  cir- 
cumstances which  often  render  their  entrances  difficult 
and  dangerous.  Thus  the  Danube  opens  into  the 
Euxine  by  seven  mouths;  while  the  Wolga  termi- 
nates by  not  less  than  seventy.  Of  changes  of  this 
nature,  the  Nile  is  an  example ;  as  it  is  recorded  by 
antient  writers  to  have  once  entered  the  Mediterranean 
by  the  Canopic  branch  alone ;  whereas  it  now  opens 
by  seven  distinct  actuaries. 

All  rivers  do  not  however  terminate  in  the  sea;  but 
many  are  lost  in  lakes^  as  in  the  Caspian  and  the  Dead 
sea,  whence  no  corresponding  streams  find  an  exit. 
Some  vanish  in  marshes  or  sands,  an  instance  of  which 
has  lately  been  thought  to  be  discovered  in  New  South 
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Wales;  and  this  has  been  imagined  to  form  also  the 
termination  of  the  Niger.  In  a  few  instances,  small 
rivers  are  found  to  sink  into  the  ground  and  disappear; 
while,  in  others,  after  a  subterranean  course,  they  rise 
again.  The  action  of  rivers  in  changing  or  in- 
fluencing the  forms  of  the  land,  will  be  considered  in 
another  chapter. 

The  description  of  valleys  has  already  explained  the 
origin  of  lakes,  which  must  necessarily  exist  where- 
ever  the  middle  of  such  a  valley  is  considerably  lower 
than  its  lowest  extremity.  Thus  they  are  necessarily 
most  frequent  in  mountainous  countries ;  although 
very  extensive  collections  of  water  of  this  nature  are 
also  found  in  plains.  They  may  of  course  exist  at 
any  elevation  above  the  sea ;  and,  in  some  rare  cases, 
of  which  Loch  Ness  is  an  example,  their  beds  are  even 
depressed  below  its  level. 

In  general,  lakes  both  receive  and  emit  a  river, 
being  depressions  in  the  course  of  its  stream  ;  or  else, 
receiving  many  streams,  they  emit  only  one.  The 
most  conspicuous  lakes  of  this  nature  in  Europe  are 
that  of  Geneva,  traversed  by  the  Rhone  at  an  elevation 
of  1134  feet  above  the  sea,  that  of  Lucern,  at  1392, 
traversed  by  the  Reuss,  that  of  Constance,  at  1089, 
giving  passage  to  the  Rhine,  those  of  Brientz,  Thun, 
Zurich,  and  the  lakes  Como,  Garda,  and  Maggiore  in 
Italy.  In  America,  a  whole  chain,  consisting  of  the 
Lakes  Superior,  Erie,  Ontario,  and  Huron,  is  traversed 
by  the  Saint  Lawrence;  and,  in  our  island,  this  is  the 
character  of  all  which  are  in  any  way  remarkable  for 
their  extent. 

In  a  few  instances,  lakes  receive  rivers  without 
emitting  any;  and,  of  these  the  most  remarkable  is 
the  Caspian,  just  noticed,  into  which  the  Wolga  and 
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the  Ural  flow,  and  the  Dead  sea :  and,  in  all  of  them, 
it  must  be  supposed  that  the  waste  by  evaporation  is 
equivalent  to  the  average  supply  of  water. 

Some  lakes  of  less  importance  are  found  to  emit 
rivers  without  previously  receiving  any.  The  Seliger 
lake  is  the  source  of  the  Wolga ;  and  the  Hoanho  and 
Kiam  of  China,  are  said  to  arise  from  similar  sources. 
But  it  is  more  probable  that  many  of  the  examples 
quoted  by  geographical  writers,  are  the  receptacles  of 
insignificant  alpine  rills,  like  Loch  Spey  in  our  own 
island. 

The  last  modification  of  lakes  consists  of  those  which 
neither  receive  nor  emit  streams,  such  as  those  of 
Agnano  and  Averno  in  Italy,  which,  with  some  others 
described  by  authors,  appear  to  have  been  the  craters 
of  volcanoes.  In  such  cases,  we  must  conceive  that 
they  contain  internal  springs  adequate  to  the  supply 
of  the  mean  evaporation. 

Subterranean  pools  and  lakes  have  been  described 
by  authors  ;  and,  of  these,  Pen-park  hole,  in  Glou- 
cestershire, is  an  example  in  our  own  country.  These" 
are  sometimes  evidently  formed  by  irregularities,  or 
occasional  depressions,  in  the  eourses  of  the  subter- 
ranean rivers  so  often  found  in  limestone  countries. 
Where  they  are  found  to  exist  in  the  volcanic  regions 
of  America,  supplying,  as  is  supposed,  the  fish  some- 
times ejected  by  these  volcanoes,  they  probably  occupy 
caverns  of  volcanic  origin. 
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CHAP.  V. 

Qn  the  general  Outlines,  or  the  picturesque  Characters 

of  Rocks. 

As  IT  has  been  frequently  asserted  that  the  geologist 
may  derive  essential  assistance  in  his  investigations, 
frt>m  the  general  features  or  picturesque  characters  of 
rocks,  and  as  some  rapid  and  superficial  travellers 
have  even  ventured  to  describe  tracts  of  country  from 
distant  observations,  made,  often,  in  haste,  and  some- 
times by  means  of  a  telescope,  it  will  not  be  here 
misplaced  to  inquire  what  value  is  due  to  such  ob- 
servations. After  reading  the  few  remarks  that  follow, 
the  student  may  determine  how  far  he  may  avail  him- 
self of  this  assistance,  and  where  a  reliance  on  it  will 
mislead  himself  and  deceive  his  readers.  That  it  may 
serve  many  useful  accessary  purposes,  or  occasionally 
convey  valuable  hints,  is  unquestionable;  but  it  will 
be  seen,  that  without  great  precautions,  it  will  more 
frequently  contribute  to  deceive  than  to  instruct  the 
observer. 

To  profit  by  this  class  of  observations,  it  is,  in  the 
first  place,  requisite  that  the  geologist  should  possess 
the  eye  of  an  artist  and  the  practice  of  a  landscape 
painter;  without  which  he  will  be  a  very  imperfect 
judge  of  those  minute  variations  in  the  picturesque 
characters  of  rocks,  or  of  the  tracts  of  land  which 
they  may  form,  that  often  indicate  essential  variations 
in  their  nature  and  disposition.  It  is  next  necessary 
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that  the  observer,  thus  qualified,  should  have  been 
long  practised  in  the  investigation  of  rocks  in  the 
large  masses  in  which  they  occur  in  nature,  in  different 
countries,  and  under  every  variety  of  form  and  dis- 
tribution ;  and  that  he  should,  further,  have  studied 
for  himself  the  picturesque  forms  with  which  they  are 
usually  associated.  Neither  descriptions  nor  drawings 
can  convey  this  instruction;  and  the  advantages  to  be 
derived  from  these  circumstances  are  therefore  such 
as  to  be  nearly  limited  to  those  who  will  pro- 
bably have  little  occasion  for  them.  To  the  geological 
student,  this  knowledge  cannot  be  communicated ;  and 
it  is  of  the  very  essence  of  his  imperfect  attainments 
in  the  science,  to  be  unable  to  turn  this  delicate  and 
precarious  species  of  information  to  use. 

I  need  not  anticipate  the  difficulties  and  the  uncer- 
tainties in  this  class  of  observations,  which  render  a 
reliance  on  it  objectionable  in  a  general  view;  but 
am  at  the  same  time  willing  to  concede,  that  in  the 
hands  of  an  expert  and  practised  geologist,  it  may 
often  be  rendered  a  useful  accessary;  furnishing  va- 
luable hints  respecting  circumstances  which  it  is  unable 
to  determine,  but  which  may  often  direct  the  steps 
and  shorten  the  labour  of  the  observer.  But  to 
render  this  proceeding  really  useful,  and  at  the  same 
time  safe,  these  observations  must  not  be  extended 
beyond  particular  countries,  aad  must  often  be  limited 
to  very  narrow  districts.  Although  any  particular 
rockmaybe  found  to  present  various  picturesque  aspects 
in  different  countries  or  distant  tracts,  it  is  occasionally 
sufficiently  consistent,  in  one  place,  to  enable  the  geo- 
logist to  extend,  by  his  eye  or  his  telescope,  those  ob- 
servations which  he  has  elsewhere  made  by  his  ham- 
mer mid  his  hand.  Yet  he  will,  in  the  following 
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remarks,  find  abundant  reasons  for  not  trusting  further 
to  that  aid  than  is  absolutely  indispensable:  and,  to 
the  student  in  geology,  no  safer  rule  can  be  given, 
than  that  he  can  be  certain  of  nothing  which  he  has 
not  touched.  His  eye  may  deceive  him,  but  he  will 
never  be  misled  by  his  hammer. 

It  is  a  common  remark,  that  granite  occupies  the 
highest  parts  of  a  country,  and  that  it  produces  those 
pinnacled  and  serrated  summits  so  well  known  to  those 
who  have  visited  the  Alps,  or  have,  in  our  own  coun- 
try, seen  the  mountains  of  Arran.  Yet  a  geologist 
who  shall  trust  to  this  feature  as  characteristic  of  gra- 
nite, will  be  deceived  much  oftener  than  he  will 
form  a  correct  judgment;  as  that  rock  presents  every 
variety  of  outline,  and  as  many  others  assume  the 
spiry  and  serrated  form.  The  mountains  about  Loch 
Etive  in  Scotland,  are  characterized  by  the  simple 
conical  outline,  which  is  particularly  marked  .in 
Cruachan ;  and  they  are  unvaried  by  a  single  serrature 
or  pinnacle.  The  extensive  ridge  which  surrounds 
the  sources  of  the  Dee,  forming  the  loftiest  tract  of 
mountain  land  in  Britain,  presents  a  series  of  heavy, 
rounded,  elevations ;  on  which,  if  we  except  a  few  of 
the  cairns  that  are  scattered  over  Ben  Avon  and 
others  of  the  group,  not  an  irregularity  exists  to 
indicate  the  nature  of  the  rock,  which  is  never- 
theless a  continuous  mass  of  granite.  In  Cornwall, 
in  Galloway,  and  in  Sutherland,  it  offers  the  same  un- 
interesting aspect;  while,  in  many  parts  of  Aberdeen- 
shire,  it  occupies  the  lowest  grounds,  presenting  large 
tracts  of  a  surface  as  level  as  that  which  has  been 
supposed  to  characterize  districts  of  secondary  rocks. 

Thus  the  observer  who  may  be  so  far  induced  to 
trust  to  the  serrated  and  spiry  outline,  as  to  exclude 
from  granite,  or  to  neglect,  those  tracts  which  do  riot 
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present  this  feature,  will  deceive  hiirfself  and  impede 
his  own  progress.  He  will  commit  similar  errors  at 
every  step,  if,  on  the  other  hand,  he  shall  resolve  to 
consider  as  granite,  every  distant  hill  that  is  crowned 
with  pinnacles  and  diversified  hy  an  acute  indented 
outline.  No  eye  can  distinguish  between  the  serra- 
tures  of  the  Arran  mountains  and  those  of  theCuch- 
ullin  hills,  although  the  former  consist  of  granite  and 
the  latter  of  Hypersthene  rock.  The  gneiss  of  Harris 
often  presents  features  exactly  similar;  nor  would 
any  thing  short  of  manual  examination  convince  the 
observer,  that  the  pinnacles  which  rise  along  the  spiry 
ridges  of  Kea  cloch  in  Rossshire  are  formed  of  sand- 
stone. Even  limestone  is  known  to  be  occasionally 
disposed  in  the  same  manner;  and  the  innumerable 
spires  of  Montserrat  in  Spain  are  the  produce  of  a 
conglomerate  rock. 

Even  in  the  more  minute  features,  granite  cannot  al- 
ways be  distinguished  from  other  rocks,  although  under 
the  very  grasp  of  the  observer;  *if,  confiding  in  the 
accuracy  of  his  eye,  and  relying  on  his  own  imagined 
experience,  he  shall  trust  to  that  alone.  In  a  thousand 
places  in  Aberdeenshire,  the  external  forms  of  the 
masses,  the  cairns,  and  the  loose  blocks  of  granite  and 
gneiss,  are  so  exactly  alike,  that  the  geologist,  who  is 
even  long  experienced  in  that  country,  may  traverse 
them  and  examine  them  in  every  direction,  and  still 
remain  unsatisfied  till  he  has  brought  them  to  the 
test  of  his  hammer.  The  very  cairns  of  granite,  the 
piles  of  prismatic  or  rounded  blocks,  are  mimicked 
by  sandstone  so  as  to  deceive  the  finest  eye,  in  many 
parts  of  the  Western  coast  of  Scotland;  as  its  huge 
curved  continuous  beds  are  by  the  Hypersthene  rock 
of  the  Cuchullm,  and  by  the  greenstone  of  the  Cor- 
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storphin  hills.  But  I  need  not  accumulate  more  ex- 
amples in  this  rock:  enough  have  been  adduced  to 
show  that  no  combination  of  the  experience  of  the 
most  practised  geologist  with  that  accurate  eye  for 
form  and  character  which  distinguishes  the  painter, 
will  exempt  the  observer  from  the  duty  of  a  careful 
manual  examination  where  granite  is  concerned. 

It  has  been  so  often  said  that  the  trap  rocks  are  cha- 
racterized by  the  scalar  outline  from  which  their  Swedish 
name,  now  adopted  by  us,  has  been  derived,  that  it  is 
necessary,  for  the  sake  of  the  geological  student,  to 
examine  into  the  truth  of  this  assertion.  That  outline 
does  unquestionably  occur  ;  but  it  is  limited  to  those 
examples  where  these  rocks  exist  in  the  form  of  beds, 
either  horizontal  or  nearly  so  ;  as  in  the  little  Cum- 
bray,  and  in  some  parts  of  Sky,  of  Mull,  and  of  the 
neighbouring  islands.  But  as  this  peculiar  outline  is 
produced  by  the  successive  and  unequal  loss  of  por- 
tions of  such  beds,  it  is  evident  that  it  may  occur 
in  any  stratified  rock  disposed  in  a  similar  manner ; 
provided  its  fracture  is  in  a  direction  nearly  vertical  to 
the  strata.  It  will  therefore  probably  be  found  in 
horizontal  sandstones ;  although  at  this  moment  no 
very  well  marked  instance  occurs  to  my  recollection. 
But  a  thousand  instances  may  be  quoted,  where  the 
trap  rocks  deviate  from  this  outline;  while  the  several 
picturesque  characters  which  they  exhibit  are  so  infi- 
nitely varied,  that  no  experience  and  no  eye,  are 
capable  of  pronouncing  on  their  nature  from  a  distant 
view.  The  marked  granitic  character  of  the  Hyper- 
sthene  rock  of  Sky  was  already  noticed ;  and,  with 
respect  to  the  syenites,  porphyries,  and  claystoncs, 
which  form  the  interior  hills  of  that  island,  they  are 
imdistinguialuible  from  the  granite  which  constitutes 
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the  mountains  of  upper  Lorn.  In  Fife  and  in 
Perthshire,  in  the  ridges  of  the  Oehils  and  the  Sidlaw, 
it  is  utterly  impossible  to  conjecture  the  place  of  any 
one  trap  rock,  from  the  outline  or  general  aspect 
of  the  ground.  Yet  the  differences  of  the  superin- 
cumbent and  subjacent  rocks  can  not  well  be  greater; 
as  the  latter  consist  of  argillaceous  schist,  of  the 
lowest  red  sandstone,  of  the  lowest  secondary  lime- 
stone, and  of  the  coal  series.  Every  possible  variety 
of  outline,  conical,  undulating,  or  flat,  will  be  found, 
somewhere  or  other,  attending  the  trap  rocks  of  Scot- 
land ;  and  he  will  be  a  fortunate  geologist  who  is  not 
obliged  to  surround,  and  almost  handle,  every  mass 
of  these  rocks,  before  he  can  determine  their  nature 
or  assign  their  limits.  The  formidable  cliffs  of  Saint 
Kilda  present  a  diversity  of  characters  and  aspects 
differing  from  those  of  any  other  analogous  rocks  in 
this  country ;  and,  in  Sky  alone,  there  may  be  found 
every  variety  of  disposition  and  outline  which  is  dis- 
played in  nature.  Even  the  columnar  form  which 
has  been  supposed  to  indicate  basalt,  is  not  limited, 
either  to  that  rock,  or  to  the  greenstones  ;  since  it 
exists  in  the  claystones  of  Mull,  Rum,  and  Arran,  in 
the  Syenite  of  Ailsa,  in  the  pitchstone  of  Egg,  arid 
even  in  the  sandstone  of  Dunbar. 

If  granite  and  the  trap  rocks,  which  have  been  sup- 
posed to  possess  such  marked  and  characteristic  fea- 
tures, are  thus  subject  to  variations  in  their  pictu- 
resque and  general  forms,  still  less  is  it  possible  to 
rely  on  this  guide  in  examining  the  various  stratified 
rocks  of  the  primary  and  secondary  classes.  If  in  a 
few  situations,  as  in  Coll,  in  Rona,  and  on  the  west 
coast  of  Rossshire,  gneiss  may  be  recognised  at  a 
distance  by  the  insulated  and  naked  grey  rocks  every 
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where  protruding  through  the  soil,  in  numerous 
others,  as  in  Perthshire  and  Aberdeenshire,  it  cannot 
be  distinguished  from  the  granite  which  it  accompa- 
nies, far  less  from  the  micaceous  schist  and  quartz 
rock  with  which  it  is  so  often  interstratified.  In  itself, 
like  granite,  it  presents  every  possible  form  of  out- 
line ;  sometimes  displaying  broken  precipices  and 
rugged  summits.,  at  others,  being  every  where  co- 
vered with  soil,  and  forming  rounded  smooth  hills  or 
flat  and  undulating  low  tracts.  It  is  fruitless  to  pur- 
sue this  inquiry  through  the  remainder  of  the  strata. 
In  micaceous  schist,  in  quartz  rock,  and  in  argilla- 
ceous schist,  the  same  uncertainty  and  confusion  of 
character  are  sufficiently  obvious,  and  will  not  fail 
immediately  to  be  perceived  by  those  who,  at  the 
commencement  of  their  progress,  have  been  induced 
to  trust  to  so  fallacious  a  guide. 

If,  among  the  secondary  strata,  the  limestone  of 
Dovedale  is  distinguished  by  its  pinnacles  and  castel- 
lated forms,  so  is  the  far  different  calcareous  rock  of 
Istria  and  Dalmatia,  and  the  sandstone,  called  quader- 
sandstein,  of  the  Germans.  Even  the  same  disposi- 
tion is  found  conspicuously  to  prevail  among  the 
conglomerates  which  belong  to  the  lowest  red  sand- 
stone ;  as  was  already  remarked  in  speaking  of  the 
pinnacled  form  of  granite.  Among  the  greater  num- 
ber of  the  other  secondary  strata,  it  would  be  in  vain 
to  look  for  picturesque  distinctions  ;  as  vain  as,  in 
most  cases,  it  would  be  to  try  to  distinguish  them 
from  the  primary  rocks,  when  the  same  general  un- 
dulations are  found  in  both,  and  where  both  are 
equally  covered  with  alluvia  and  soil. 

It  is  unnecessary  to  say  more  on  this  subject.  The 
purpose  of  these  remarks  i<?  not  to  deprive  the  ex- 
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perienced  geologist  of  the  advantages  which  he  may 
derive  from  a  correct  and  practised  eye  ;  since  they 
are  far  from  inconsiderable^  if  the  precautions  incul- 
cated at  the  beginning  of  this  chapter  are  regarded. 
Their  object  is  to  caution  the  student  against  that 
confidence  which  is,  too  often5  both  the  result  of 
indolence  and  its  excuse ;  and  to  inculcate  on  him 
the  necessity  of  establishing  habits  of  careful  and 
minute  observation.  An  eye  for  the  physiognomy  of 
a  country  must  be  acquired  by  practice ;  and  it  will 
never  be  acquired  by  him  who  shall  attempt  to  find  a 
royal  road  to  that  rugged  eminence  which  has  never 
yet  been  attained  without  patient  study  and  toilsome 
exertion. 
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CHAP.  VI. 

On  the  general  Distribution  of  the  Materials  which 
constitute  the  Earth. 

THE  superficial  parts  of  the  earth,  which  are  all  to 
which  we  can  have  access,  whether  hy  observation  or 
inference,  are  formed  of  indurated  and  of  loose  ma- 
terials; the  first  constituting  rocks,  and  the  latter 
being  the  various  alluvial  substances  which,  no  less 
than  the  former,  are  objects  of  geological  investigation. 
In  the  following  chapters,  the  various  details,  whether  of 
a  general  or  of  a  particular  nature,  namely,  those  which 
relate  to  the  substances  themselves,  and  those  which  have 
a  reference  to  the  constitution  of  the  globe,  the  origin 
of  these  materials,  and  the  various  revolutions  they 
have  undergone,  will  be  considered  in  the  several  points 
of  view  which  may  appear  necessary.  The  object  of 
the  present  is  to  give  a  sketch  of  the  most  remarkable 
distinctions  among  rocks,  and  of  their  general  distri- 
bution as  constituent  parts  of  the  earth. 

Observation  has  shown  that  rocks  may  be  divided 
into  unstratified  and  stratified:  or  into  those,  of  which 
the  forms  are  irregular,  and  those  which  are  disposed 
in  successive  beds,  maintaining  a  general  parallelism, 
for,  at  least,  certain  spaces.  To  these  must  be  added, 
veins,  which  intersect  all  rocks;  and  those  repositories 
of  earthy  and  metallic  minerals  in  a  mixed  or  confused 
state,  which  occupy  similar  situations. 

The  unstratified  rocks  often  form  the  highest  ridges 
and  summits  of  mountains,  constituting  the  apparent 
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bases  on  which  the  strata  arc  placed;  while,  in  other 
cases,  under  differences  of  constitution  and  in  their 
periods  of  formation,  they  repose  on  the  stratified 
rocks.  In  neither  case  therefore,  are  they  limited 
to  the  higher  grounds;  as  the  positive  altitude  of 
rocks,  or  their  relation  to  the  surface  of  the  earth, 
does  not  necessarily  correspond  with  their  geological 
altitude,  or  with  that  relative  elevation  which  they 
possess  in  the  series.  For  the  same  reason  they  do 
not  invariahly  form  mountains,  although  commonly 
occurring  in  mountainous  countries.  Lastly,  they 
form  hut  a  small  apparent  part  of  the  visihle  surface ; 
whatever  reasons  we  may  have  for  helieving  that 
they  occupy  a  great  extent  in  the  regions  inaccessible 
to  our  sight  or  operations. 

The  great  bulk  of  the  accessible  surface  of  the  solid 
earth,  is  composed  of  stratified  rocks,  which,  under 
different  modes  of  distribution,  form,  not  only  the 
low  plains,  but  the  elevated  mountains :  being  brought 
into  view  by  their  irregularities  of  position,  and  by 
that  destruction  which  has  so  often  laid  them  bare, 
and  has  generated  the  lower  materials  which,  in  other 
parts,  conceal  them  from  immediate  examination. 

To  their  variety  of  position  is  principally  owing 
that  inequality  in  the  surface  of  the  earth,  by  which  it 
swells  into  hills  or  rises  into  mountains;  although 
these  forms  have  been,  in  a  greater  or  less  degree, 
influenced  and  modified  by  the  actions  which  are 
daily  operating  on  the  surface;  transferring  the  ma- 
terials of  the  elevated  grounds  to  the  plains  and 
valleys  below,  and  burying  many  of  them  beneath  the 
depths  of  the  sea.  Geology  has  distinguished  these 
strata,  according  to  their  relative  aeras  of  formation, 
into  primary  and  secondary:  but  each  of  these,  and 
the  latter  in  particular,  involve  subsidiary  distinctions 
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of  great  interest,  which  will  form  especial  objects  of 
discussion  hereafter. 

Although  the  forms  of  land  are  connected  with  and 
dependent  on  the  dispositions  of  strata,  as  well  as 
on  those  of  the  unstratified  rocks,  there  is  no  rule,  in 
this  respect,  universally  applicable.  A  few  examples 
will  serve  to  convey  that  general  notion  of  this  sub- 
ject which  is  all  that  is  required  for  the  present  pur- 
pose. If  a  series  of  strata  be  perfectly  horizontal,  it 
is  easy  to  understand  that  the  land  above  it  will  have 
a  corresponding  level.  If  it  be  slightly  elevated,  it 
must,  unless  it  be  curved,  unavoidably  terminate 
somewhere,  by  fracture  or  discontinuity;  and  the 
surface  will  thus  form  a  low  ridge,  of  which  the  decli- 
vity which  lies  on  the  plane  of  the  stratum,  will  be 
more  gentle  than  that  which  belongs  to  the  abrupt 
edges.  The  continuity  of  that  ridge  being  inter- 
rupted by  other  transverse  fractures,  and  other  ridges 
occurring  in  a  disordered  manner,  there  is  thus  pro- 
duced a  land  of  low  hills,  which  may  also  be  equally 
generated  by  analogous  irregularities  in  the  forms  and 
dispositions  of  unstratified  rocks. 

If  such  an  elevation  of  a  series  of  strata  be  increased, 
there  is  produced  a  mountain  ridge,  which  may  also 
be  broken  into  detached  points,  so  as  to  form  irregular 
but  continued  chains.  Here  the  planes  of  the  strata  will 
form  declivities  more  or  less  smooth ;  while  the 
abrupt  edges  will  become  the  precipices  so  common  in 
mountainous  regions.  Undulations  of  such  strata, 
which  have  been  here  supposed  straight,  will  generate 
corresponding  irregularities ;  and  thus,  in  low  countries 
in  particular,  ,the  inequalities  are  often  produced,  as 
much  by  undulation,  as  by  unequal  elevation  and  frac- 
ture;  while  thev  are  also  occasionally  the  result  of 
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inequalities  of  thickness    in    particular    parts,    or   of 
deficiencies  of  certain  portions  of  some  stratum. 

The  case  above  stated,  of  a  single  uniform  elevation, 
conveys  the  simplest  idea  of  a  mountain  ridge  of  stra- 
tified rocks.  But  ridges  are  sometimes  found,  in  which 
the  direction    of    the    stratification    is    oblique,    not 
parallel.     An  example  of  this   disposition   occurs  in 
our  own  country,  in  Bute,  and  may  be  observed  in  many 
other  places.     It  is  conspicuous,  according  to  Hum- 
boldt,  in  the  great  chain  of  Mexico.     Even  in  these 
cases  however,  where  single  ridges  may  not  follow  the 
direction  of  the    strata,   that  direction  maintains  its 
general  bearing ;  and  it  is  a  remarkable  fact,  although 
unwarrantably  extended  much  further  than  it  will  bear, 
that  in  many  parts  of  the  world,  and  over  very  large 
spaces,    the  strata  hold  a  parallel  direction  according 
to  their  elevated  edges ;    and  that  if  we  take  all  that 
have  been  examined,  there  are  more  tracts  in  which 
that  direction  tends  towards  the  North-east,  than  to 
any  other  point  of  the  compass.     This  is  the  case  in 
Britain  ;  and   it  is   particularly  sensible  in  Scotland, 
where  the  heights  of  the  elevations  and  the  facility  of 
access,  render  this  circumstance  easily  examined. 

But  even  where  strata  are  thus  prolonged  on  one 
line  of  elevation,  the  quantity  of  that  elevation  varies 
in  different  places ;  and  thus  numerous  other  irregu- 
larities are  produced  in  the  forms  of  mountain  ridges. 
As,  lastly,  the  elevation  of  strata  may  increase  till 
they  become  vertical,  other  cases  are  produced,  by 
which  the  forms  of  mountains  become  still  further 
modified. 

It  next  happens,  that  instead  of  strata  being  simply 
elevated  in  one  continuous  mass,  they  are  raised  by 
successive  intervals,  forming  stairs,  by  which  the 
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forms  of  mountains  arc  also  modified  in  various  ways. 
It  is  also  observed  that,  on  opposite  sides,  they  have 
sometimes  reverse  inclinations  ;  and  thus  a  mountain 
formed  of  stratified  rocks  alone,  may  have  similar 
opposing  sides,  unvaried  hy  precipices  or  projecting 
rocks.  Similar  effects  result  from  great  undulations 
or  curvatures  of  the  strata ;  the  effects  thus  produced 
in  mountains,  being  hence  of  an  analogous  nature  to 
those  which  take  place  m  the  lower  grounds,  but  in 
a  more  extreme  degree.  These  cases  are,  however, 
most  frequent  where  the  central  parts  of  mountains 
or  ridges  are  formed  of  unstratified  rocks  ;  against 
which  the  strata  are  sometimes  found  to  repose,  in 
opposite  ways,  and  with  different  inclinations. 

But  all  mountains  are  not  necessarily  generated, 
either  by  the  protuberance  of  unstratified  rocks  or 
the  irregular  elevations  of  stratified  ones.  On  the 
contrary,  many  high  ones,  of  which  Scotland  offers 
examples  on  the  west  coast  of  Rossshire,  are  consti- 
tuted of  strata  nearly  horizontal ;  and  their  forms 
must  then  be  attributed  to  that  waste  visible  on  their 
abrupt  sides,  in  consequence  of  which  all  those  por- 
tions have  been  removed,  as  far  as  their  absence  was 
necessary  to  the  ultimate  production  of  the  shapes 
which  they  now  display. 

The  formation  of  valleys,  like  that  of  hills,  depends 
primarily  on  the  elevations  of  the  strata ;  and  the  one 
is  a  necessary  consequence  of  the  other.  Nor  is  it 
possible  to  conceive  that  original  cause  wanting  ; 
unless  it  could  be  shown  that,  during  the  operations 
which  displaced  the  strata  from  their  original  hori- 
zontal positions,  every  interval  was  so  filled  up  as  to 
form  a  smooth  and  level  surface.  Much  has  been 
written  on  a  subject  which  appears  too  obvious  to 
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admit  of  any  dispute ;  were  we  even  to  admit  that 
the  unstratified  rocks,  which  every  thing  in  their 
nature  proves  to  have  been  originally  irregular,  had 
also  once  formed  portions  of  an  universal  level.  The 
original  forms  thus  produced  by  the  elevations  of  the 
strata  and  the  protrusion  of  the  unstratified  rocks, 
have  indeed  been  modified  by  the  action  of  running 
waters,  and  often  to  a  great  extent ;  and  thus  only 
can  rivers  be  said  to  have  generated  their  present 
beds  and  the  valleys  through  which  they  now  flow. 
A  very  slender  consideration  of  a  state  of  things  so 
obviously  necessary,  might  have  saved  pages  of  use- 
less, and  often,  of  sufficiently  acrimonious  discussion. 
In  thus  giving  a  general  sketch  of  the  distribution 
of  strata,  and  of  their  different  elevations  and  posi- 
tions, as  influencing  the  forms  of  land,  it  is  yet  neces- 
sary to  remark,  that  these,  hitherto  distinguished  into 
antient  and  recent,  or  primary  and  secondary,  are,  in 
some  parts  of  the  world,  followed  by  a  third  set, 
which  have  been  produced  under  peculiar  circum- 
stances. These,  indeed,  are  distinctly  divisible  into 
two,  arising  from  two  distinct  sources ;  the  one 
having  been  formed  after  the  secondary  strata,  in  the 
basins  of  antient  lakes  and  in  sestuaries,  and  the 
others  elevated  from  the  bottom  of  the  sea  by  the 
power  of  volcanoes,  producing  islands  or  portions  of 
continents. 

Volcanic  products  form  the  last,  and  are  among  the 
most  recent  of  the  rocks  on  the  surface  of  the  globe ; 
though  differing  much  in  point  of  antiquity,  and  being, 
even  now,  formed  under  our  eyes.  These  are,  inva- 
riably, independent  productions,  although  widely 
scattered  over  the  surface  of  the  earth. 

Veins  formed  of  rock,   are  either  independent,   or 
VOL.  i  F 
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connected  with  the  unstratified  substances  ;  and,  how- 
ever interesting  from  their  origin  arid  phenomena, 
they  occupy  but  very  small  spaces,  and  have  no  effect 
in  modifying  the  general  surface.  They  are  neces- 
sarily posterior  to  the  rocks  which  they  intersect ;  and 
thus  a  judgment  can  sometimes  be  formed,  within 
certain  limits,  of  the  period  at  which  they  were  pro- 
duced. 

The  last  of  the  hard  or  rocky  materials  of  the  earth, 
consists  of  those  veins,  also  posterior  to  many  of  the 
rocks,  which  are  the  repositories  of  metals,  as  well  as 
of  many  earthy  minerals,  and  which,  from  their  ceco- 
nomical  value,  become  objects  of  great  importance. 

The  loose  materials  of  the  earth  are  found  depo- 
sited over  the  surface  ;  generally  concealing  the  rocks 
from  view,  but  distributed  in  a  very  unequal  manner 
in  different  places.  Where  they  merely  cover  the 
surfaces  of  the  hills  or  plains,  they  only  modify  the 
forms  of  those  ;  concealing  asperities,  filling  valleys, 
or  obliterating  lakes.  But  they  often  constitute  large 
portions  of  the  surface,  by  themselves ;  limiting  this 
remark,  by  geographical  considerations,  to  the  mean 
level  as  determined  by  the  sea.  This  is  peculiarly  the 
case  at  the  feet  of  high  or  extensive  tracts  of  mountain 
land ;  and  particularly  where  large  rivers  are  found, 
which,  depositing  the  ruins  they  carry  along,  cause 
the  sea  to  retire,  and  form  extensive  plains.  The 
consideration  of  this  very  interesting  branch  of  Geo- 
logy, belongs  to  the  history  of  alluvia,  and  to  that  of 
the  changes  which  the  surface  of  the  earth  is  daily 
undergoing;  and  it  will  hereafter  form  a  distinct 
object  of  examination.  It  is  unnecessary  to  extend 
further  a  sketch  which  is  merely  intended  as  an  intro- 
duction to  the  succeeding  parts  of  this  work. 


CHAP.  VII. 

On  the  Characters  and  Forms  of  Strata,  and  on 
Stratification. 

As  THE  stratified  rocks  form  the  far  larger  portion  of 
the  visible  solid  materials  of  the  earth,  we  are  able  the 
more  easily  to  satisfy  ourselves  respecting  their  nature 
and  relations,  and  to  determine,  by  actual  observation, 
much  of  that  which,  in  the  case  of  the  unstratified 
substances,  is  matter  of  inference  from  limited  facts. 
If  there  have  been  geologists  unwilling  to  admit  of  the 
stratification  of  rocks,  there  have  been  others  who 
have  seen  strata  where  they  had  no  existence.  It  is 
the  business  of  science  coldly  to  investigate  truth. 

The  term  stratum,  or  bed,  carries  its  own  definition 
with  it ;  its  extent,  according  to  the  prolongation  of 
its  great  opposing  planes,  being  generally  far  greater 
than  its  thickness.  A  repetition  of  such  beds  forms  a 
series  of  strata ;  and  the  term  stratification  implies  the 
mode  of  their  deposition,  to  whatever  cause  that  may 
be  attributed.  Such  masses,  of  analogous  or  similar 
shape,  as  are  occasionally  found  among  the  rocks 
described  in  the  tenth  chapter,  are  however  excluded 
from  this  definition.  Their  origin  and  forms  are 
attributed,  from  the  evidence  elsewhere  stated,  to  a 
different  cause  ;  and  the  mode  of  distinguishing  them 
is  also  specified  in  its  proper  place.  The  term  stra- 
tification therefore  implies  a  cause,  as  well  as  a  mode 
of  form  and  disposition ;  and  that  cause  is  assumed, 
or  proved,  to  consist  in  a  deposition  from  water,  of 
materials  that  have  been  suspended  and  dissolved  in  it. 

F  2 
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Of  the  Forms  of  Strata. 

The  most  perfect  form  of  a  stratum,  is  that  in  which 
the  two  planes  are  accurately  parallel,  but  it  is  the 
most  rare.  They  are  more  commonly  inclined  in  dif- 
ferent ways  ;  so  that  a  bed  terminates  at  length,  in 
one  or  more  directions,  or  in  all,  by  a  thin  edge ; 
while  it  may  also  present  surfaces  so  frequently  and 
unequally  inclined  or  undulated,  as  to  be  of  various 
degrees  of  thickness  throughout. 

The  thickness  of  a  stratum  may  vary  from  one  of 
many  yards  to  that  of  paper ;  and  it  is  obvious  that 
the  thinner  cannot  easily  be  very  extensive.  The 
extent  of  surface  which  any  one  may  cover  is  equally 
various :  it  may  amount  to  many  miles ;  but,  in  these 
cases,  it  is  traced  rather  by  comparing  detached  parts, 
than  by  a  continued  view  of  the  whole.  That  com- 
parison is  made  by  means  of  the  consistent  mineral 
nature  of  all  the  parts,  the  resemblance  of  the  organic 
contents,  where  these  are  present,  the  correspondence 
and  nature  of  the  other  strata  with  which  they  are  in 
contact,  and  the  similarity  of  position  which  they 
possess  towards  the  perpendicular. 

Thus  it  is  anticipated  that  a  stratum  may  be  inclined 
to  the  horizon;  but,  in  fact,  they  are  rarely  quite 
horizontal.  The  deviation  from  the  horizontal  posi- 
tion constitutes  the  inclination  of  a  stratum  ;  and  the 
true  inclination  is  evidently  the  greatest  angle  which  a 
line  ta"ken  on  that  plane  forms  with  the  perpendicular; 
the  dip  implying,  further,  that  point  of  the  compass 
towards  which  it  is  directed.  As,  in  consequence  of 
the  inclination  of  a  stratum,  its  edge  must  somewhere 
appear  at  the  surface  of  the  earth,  an  imaginary  line 
lias  been  contrived  to  represent  it,  called  the  direction 
of  the  stratum,  drawn  at  ri^ht  angles  to  the  line  of 
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inclination.  But  the  student  must  not  imagine  that 
the  stratum  has  a  greater  extent  on  this  line  than  on 
the  reverse,  or  is  of  a  long  and  narrow  form  :  that  can 
only  be  said  of  its  visible  portion ;  and  a  horizontal 
bed,  having  no  dip,  can  have  no  direction. 

Strata  are  subject  to  the  various  accidents  of  frac- 
ture, displacement,  flexure,  and  contortion ;  and  in 
some  very  rare  cases,  they  even  lose  their  regular  forms 
and  become  shapeless  masses. 

The  forms  of  strata  are  far  more  perfect  in  the  more 
recent  than  in  the  antient  series;  and,  in  the  latter, 
they  are  sometimes  either  so  obscure  or  so  difficult  to 
discover,  that  their  existence  has  been  altogether 
denied.  Hence,  in  some  degree,  has  arisen  a  most 
pernicious  confusion  in  geological  descriptions  and 
reasonings,  which  it  has  here  been  attempted  to  re- 
medy by  separating  the  unstratified  rocks  from  them. 
The  cause  of  this  imperfection,  in  the  older  rocks, 
will  be  found  to  lie  in  the  changes  of  their  positions,  and 
in  the  disturbance  of  their  regularity,  from  flexure  or 
fracture  ;  in  the  less  definite  and  frequent  alternations 
of  rocks  of  different  characters  which  they  present ; 
and,  among  the  argillaceous  schists,  from  confounding 
the  schistose  structure  with  the  planes  of  stratification. 

Most  commonly,  a  single  bed  consists  of  only  one 
substance ;  but  the  materials  occasionally  differ  in 
size  in  different  parts,  and  that  change  occurs,  either 
laterally,  according  to  the  plane  of  the  stratum,  or  in 
the  opposite  direction,  according  to  its  depth.  Changes 
of  the  absolute  quality  of  the  rock  in  a  stratum,  are 
far  more  rare.  Many  rocks  are  subject  to  be  divided, 
by  joints,  at  some  angle  to  the  plane  of  the  stratifi- 
cation ;  and  these  are  often  remarkably  regular,  so  as 
to  separate  the  bed  into  cuboidal  or  other  forms,  of 
considerable  accuracy.  Thus,  in  the  sandstones,  there 
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are  often  produced  subsidiary  forms  resembling  those 
of  granite;  and  this,  among  other  causes,  has  aided 
in  supporting  the  erroneous  belief  in  the  stratification 
of  that  substance.  In  other  cases,  they  confuse  the 
inexperienced  observer,  by  misleading  him  respecting 
the  planes  of  stratification ;  as  happens  particularly 
in  the  argillaceous  schists.  In  the  Diallage  rock  of 
Shetland,  the  fissures  are  so  numerous  and  extensive 
as  entirely  to  suppress  the  appearances  of  the  sepa- 
rating planes  of  the  strata;  so  that,  in  determining 
the  positions  of  these,  recourse  must  be  had  to  other 
indications,  derived  principally  from  the  more  regular 
adjoining  rocks. 

When,  by  the  repetition  of  beds,  either  of  the  same 
or  of  different  substances,  there  are  formed  successions 
or  series  of  strata,  the  knowledge  which  we  obtain 
of  the  various  rocks,  is  derived  chiefly  from  that  ob- 
liquity of  position  which  is  fully  discussed  in  the  next 
chapter ;  in  consequence  of  which,  united  to  its  various 
accidents,  every  member  of  a  considerable  series  is  some- 
times brought  into  view,  even  within  a  narrow  space. 
By  a  careful  comparison  of  positions,  the  same  object 
is  effected,  through  many  interruptions,  and  over  dis- 
tricts of  great  extent. 

It  is  sometimes  observed  that  such  a  series  preserves, 
for  a  great  space,  a  very  accurate  general  parallelism ; 
the  different  beds  being  parallel  among  themselves. 
But,  very  frequently,  the  whole  series  is  bounded,  as 
a  single  bed  may  be,  by  inclined  planes;  in  conse- 
quence of  which  it  gradually  vanishes  by  extenuation. 
The  other  accidents  of  a  single  stratum  are  also  true 
of  a  whole  series ;  which  may  thus  vary*,  by  undulation 
or  flexure,  either  in  the  line  of  its  inclination,  or  in  that 
of  its  direction.  Thus  it  becomes  necessary  that  obser- 
vations on  these  lines  should  be  regulated  by  a  general 
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average,  and  not  by  measurements  taken  in  a  single 
place,  which  are  a  frequent  source  of  error. 

The  disappearance  of  strata  which  is  not  the  result 
of  extenuation,  may  arise  from  their  dipping  out  of 
sight  in  a  gradual  manner,  or  from  those  fractures  or 
subsidences  by  which  they  are  entirely  broken  off. 
This  fracture  is,  of  course,  found  at  the  elevated  edge; 
but  the  strata  are  sometimes  renewed  in  a  new  position 
near  it,  in  consequence  of  the  subsidence. 

In  a  series  of  beds,  the  same  substances  are  some- 
times repeated  in  succession ;  at  others,  beds  of  dif- 
ferent natures  succeed  in  a  certain  order,  or  in  repeated 
alternations,  more  or  less  numerous  or  regular.  Where 
the  beds  are  similar,  they  are  sometimes  separated  by 
mere  planes,  resembling  fissures ;  but  it  is  more  common 
to  find  some  slight  change  of  texture,  or  some  inter- 
vening material,  however  small  in  quantity,  indicating 
the  place  of  separation.  When  the  beds  are  of  dif- 
ferent kinds,  the  mode  of  separation  is  generally  very 
distinct ;  and,  in  some  cases,  in  the  secondary,  it  is 
effected  by  the  accumulation  of  animal  or  vegetable 
remains  in  a  thin  lamina.  The  laminar  disposition  of 
the  beds  themselves  must  be  considered  as,  in  itself  a 
result  of  stratification ;  and  I  have  elsewhere  remarked 
that  it  must  not  be  confounded  with  the  concretionary 
structure.  (Chap,  xi.) 

Of  the  Positions  and  Relations  of  Strata. 

Consecutive  and  parallel  order  is  a  natural  conse- 
quence of  the  process  of  stratification.  But  this  is 
confined  within  certain  limits,  as  noticed  in  the  next 
Chapter  on  the  dispositions  of  strata.  Near  the  unstra- 
tified  rocks  also,  that  order  ceases  ;  or  any  number 
of  the  strata  in  one  series,  may  be  in  contact  with 
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a  rock  of  this  character;  a  natural  consequence  re- 
sulting from  the  mode  in  which  these  rocks  were 
formed,  and  often  very  conspicuous  at  the  junctions 
of  the  primary  strata  with  granite. 

There  is  another  case  in  which  strata  cease  to  be 
consecutive,  without  being  in  all  parts  unconforrnable 
to  those  on  which  they  lie.  In  the  usual  reversal  of 
position,  the  upper  series  may  be  conceived  to  lie  on 
the  elevated  edges  of  the  inferior  one ;  although,  even 
in  such  cases  as  this,  one  part  of  the  upper  series 
may  be  conformable,  while  the  other  is  reversed,  in 
consequence  of  irregularities  in  the  position  of  the  in- 
ferior strata,  or  from  the  superior  being  so  deposited 
as,  in  some  places,  to  lie  on  the  edges,  and,  in 
others,  on  the  planes  of  the  inferior  beds.  This  is 
easily  understood.  In  the  case  above  alluded  to,  an 
effect  of  a  contrary  kind  takes  place  ;  or  every  stratum 
in  an  upper  series,  touches  a  single  bed  of  the  lower ; 
the  edges  of  the  former  abutting  against  the  planes  of 
the  latter.  It  is  easy  to  comprehend  how  this  may 
happen.  It  is  a  necessary  consequence  of  the  depo- 
sition of  a  horizontal  series  upon  an  inclined  one, 
and  occurs,  as  a  matter  of  course,  in  the  recent  depo- 
sitions of  lakes  that  are  contained  in  cavities  among 
the  usual  primary  or  secondary  strata  which  are  so 
rarely  horizontal.  That  is  a  simple  and  intelligible 
case ;  and  it  is  here  also  easy  to  see,  that,  in  another 
part  of  such  a  deposit,  a  very  mixed  and  uncertain 
collision  must  take  place  among  the  edges  of  the 
superior  and  the  inferior  strata.  In  nature,  this 
happens  on  a  much  greater  scale,  and  is  often  a 
source  of  difficulty  to  geologists;  to  whom,  if  impro- 
perly viewed  or  reasoned  on,  it  presents  appearances 
of  disturbance  which  have  never  existed.  It  is  a 
necessary  result  in  those  extensive  deposits  which 
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must  be  considered  of  a  partial  nature,  and  which 
have  been  called  basins  ;  and  the  coal  series,  in  most 
situations,  presents  conspicuous  examples  of  it,  which 
have  often  been  much  misapprehended. 

It  is  a  general  remark,  that  on  opposite  sides  of  a 
hill  or  of  a  ridge,  even  though  it  should  be  a  moun- 
tain of  granite,  the  same  series  of  strata  will  occur 
in  a  corresponding  order  :  deposited  on  it  in  two 
places  by  one  general  law,  according  to  some  geo- 
logists, but  being  one  series  separated  by  its  inter- 
position, according  to  the  views  entertained  in  this 
work.  Yet,  in  some  situations,  the  strata  on  oppo- 
site sides  of  a  ridge  differ  ;  and  this  may  be  explained 
by  considering  them  as  separate  deposits  that  have 
been  formed  from  different  original  sources  in  dif- 
ferent cavities  or  basins. 

This  fact,  under  various  modifications,  is  of  very 
common  occurrence,  and  contradicts  the  doctrine  of 
universal  formations ;  the  imaginary  nature  of  which 
is  noticed  when  treating  of  the  order  of  succession 
among  strata.  (Chap,  xiv.)  The  wish  to  extend  ana- 
logies is  perhaps  natural  to  the  human  mind ;  and, 
in  this  case  among  others,  it  has  had  an  unfortunate 
effect  in  Geology.  It  thus  becomes  the  object  of  the 
observer,  not  so  much  to  investigate  accurately  and 
describe  carefully  what  is  before  him,  as  to  decide 
whether  a  stratum  belongs  to  this  or  the  other  of 
some  series  which  he  has  made  his  standard  of  com- 
parison. Thus  even  the  accurate  English  geologist 
may  fall  under  the  reproach  which  has  been  pecu- 
liarly bestowed  on  Werner ;  rinding  a  Britain  where  - 
ever  the  latter  discovered  a  Saxony.  "  Affingit  paral- 
lela  et  correspondent  et  relativa  quae  non  sunt,"  is 
the  censure  which  Bacon  has  applied  to  philosophers 
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who  thus  exceed  the  limits  of  that  which  can  be  use- 
ful only  when  kept  under  due  restraint. 

Whatever  analogies  therefore  may  be  found  all 
over  the  world,  not  only  among  the  natures  of  the 
strata,  but  in  their  relative  order  of  stratification, 
there  is  no  where  that  resemblance  which  can  autho- 
rize us  in  supposing  that  they  have  either  been  si- 
multaneous or  under  the  influence  of  an  universal 
law.  The  instances  hereafter  quoted  in  the  Chapter 
on  the  actual  successions  of  rocks,  will  illustrate  and 
confirm  this  view.  But  the  resemblances  are  more 
general,  or  rather  the  analogy  is  more  extensive, 
among  the  most  ancient  strata  than  among  the  more 
recent ;  and  as  we  ascend  in  the  order  of  the  series, 
or  descend  in  the  order  of  time,  the  discrepancies  in- 
crease. This  is  what  might  be  expected,  even  from 
contemplating  the  view  elsewhere  given  of  the  com- 
position of  rocks;  the  more  ancient  appearing  to 
have  been  at  one  time  under  the  influence  of  a  com- 
mon power  from  which  the  others  have  been  exempt. 
Thus  we  may  perhaps  account  for  the  prevalence  of 
gneiss,  hornblende  schist,  and  micaceous  schist, 
among  the  lowest  strata ;  although  the  nature  of  the 
rocks  whence  the  original  materials  were  procured, 
may  also  have  been  a  modifying  cause.  But  even 
here,  it  will  hereafter  be  shown,  that  the  order  of 
succession  is  only  general,  and  very  far  indeed  from 
being  so  particular  as  it  has  been  imagined. 

The  further  we  examine  upwards,  the  more  we 
shall  be  convinced  that  all  successions  are  analogous, 
and  not  identical ;  though  the  accuracy  of  the  ana- 
logy in  the  order  of  succession,  or  the  extent  covered 
by  some  one  definite  series,  is  extremely  various.  By 
commencing  at  the  very  surface  of  the  earth,  we 
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shall  more  easily  comprehend  the  truth  of  this  re- 
mark, and  the  probable  cause  in  which  these  dif- 
ferences have  originated. 

The  smallest  deposits  which  we  know,  are  those 
formed  in  lakes  and  actuaries  ;  and  if  we  examine 
these,  although  we  shall  find  that  they  all  contain 
alternations  or  successions  of  mud,  shells,  clay,  and 
sand,  yet  we  shall  see  that  there  are  probably  no  two 
in  which  these  materials  are  deposited  in  the  same 
order  or  proportions.  Here  is  a  perfect  analogy,  but 
no  identity  ;  and  we  can  assign  the  reasons  with  the 
greatest  confidence,  from  knowing  the  various  nature 
of  the  substances  deposited  in  them  by  the  rivers,  and 
the  unequal  fertility  of  the  organic  beings  which 
they  have  nourished.  In  these  deposits  we  find  a 
fair  analogy,  because  in  them  we  trace  the  germs  of 
the  rocky  strata. 

The  uppermost  of  those  deposits  which  are  suffici- 
ently antient  to  have  assumed  the  character  of  rock, 
are  those  known  by  the  name  of  fresh  water  forma- 
tions ;  and  these,  it  is  probable,  have  been  deposited 
in  the  basins  of  antient  lakes  and  aestuaries.  Among 
those  that  have  hitherto  been  carefully  examined,  we 
also  trace  similar  analogies,  but  no  identities. 

It  is  at  a  considerable  distance  from  these,  down- 
wards in  the  order  of  the  strata,  that  we  find  another 
and  a  very  important  class  of  deposits,  namely,  the 
coal  strata.  In  these  also  there  is  a  general  analogy 
throughout ;  but,  in  no  two  do  the  substances  occur 
exactly  in  the  same  proportion  or  order ;  while  we 
can  here  also  assign  the  probable  cause,  by  knowing 
that  they  are  deposits  from  fresh  water,  and  therefore 
probably  formed  in  separate  lakes. 

It  is  unnecessary  to  prolong  this  reasoning,  as  its 
object  must  already  be  obvious.  Whatever  sea* 
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received  the  materials  that  have  formed  the  differed! 
secondary  strata,  it  is  plain  that  the  furthest  limit  of 
identity  among  these  strata  thus  deposited  beneath 
it,  will  be  bounded  by  the  extent  of  any  one ;  while, 
in  different  seas,  we  must  expect  different,  although 
analogous,  collections  of  strata.  It  is  not  however 
neccessary  that,  even  in  one  submarine  cavity,  or 
within  the  limits  of  one  sea,  the  strata  should  be  every 
where  identical.  Different  rivers  may  have  entered 
by  different  aestuaries,  and  the  depositions  from  these 
must  have  varied  in  character  and  manner,  according 
to  the  materials  which  they  deposited,  or  according 
to  the  nature  of  the  mountains  in  which  their  sources 
lay.  This  supposition  is  confirmed  by  examining  the 
English  series,  of  which  an  account  is  given  in  a  future 
chapter.  There  is  a  certain  general  order  in  that  part 
of  it  which  lies  about  the  coal  strata,  such  as  may 
make  us  conclude  that  it  was  deposited  in  one  period 
of  repose  and  in  one  cavity;  but  if  we  examine  the 
proportions  and  positions  of  the  different  members 
throughout  the  whole  space,  there  are  differences 
which  bespeak  analogous  variations  in  the  deposited 
materials. 

This  is  confirmed  in  another  way,  by  examining 
those  submarine  depositions,  now  within  our  reach, 
which  are  probably  destined  to  form  future  strata, 
and  which  are,  to  all  appearance,  the  copies  of  those 
from  which  the  consolidated  strata  have  originated. 
It  is  so  well  known  to  mariners  that  the  alluvia  which 
cover  the  bottom  of  the  English  Channel  differ  in 
different  places,  that  these  variations  are  used  as  a 
guide  in  navigating  that  sea.  It  is  by  the  quality  of 
the  soundings,  as  these  may  consist  of  sand,  of  mud, 
of  shells  of  particular  character,  or  of  various  mixtures 
of  those,  that  the  pilot  determines  his  place  when  the 


AND    STRATIFICATION.  77 

darkness  of  night  or  the  haziness  of  the  weather  con- 
ceals the  land  from  his  view. 

It  has  heen  observed  that,  in  many  places,  certain 
strata  of  different  natures  are  usually  associated  in 
groups,  as  they  may  be  termed,  or  that  one  rock  of  a 
remarkable  character  is  interstratified  with  a  minor 
quantity  of  others,  for  a  certain  depth  before  it  finally 
ceases  to  give  way  to  another  equally  conspicuous. 
Thus,  for  example,  gneiss  and  hornblende  schist  are 
frequently  found  united,  and  the  latter  in  small  pro- 
portion to  the  former;  and  thus  the  red  marl  sand- 
stone of  England,  contains  beds  of  clay,  shale,  and 
limestone.  These  minor  strata  have  been  called  sub- 
ordinate; a  term,  the  nature  and  abuse  of  which  is  ex- 
amined in  another  place;  and  to  these  associations 
the  very  awkward  name  formation  has  been  applied. 
It  has  been  supposed  that  the  invention  6f  this  term 
has  been  of  great  use  to  Geology,  by  generalizing 
certain  observations;  and  it  is  also  imagined  that 
many  such  format  ions  are  really  definite  and  constant. 
That  cannot  be  denied;  nor  will  the  utility  of  the  ex- 
pedient, in  some  cases,  be  questioned.  But  it  is 
obvious  that  this  scheme  savours  too  much  of  hypo- 
thesis, and  that  it  may  become  a  fertile  source  of  that 
gratuitous  and  unfounded  generalization  against 
which  the  young  geologist  has  already  been  cautioned. 

Of  the  Nature  and  Causes  of  Stratification. 

That  the  strata  could  not  have  been  deposited  from 
solution  in  water,  is  sufficiently  shown  elsewhere,  and 
it  is  therefore  unnecessary  to  dwell  on  it  here  (Chap,  xii.) 
It  is  to  mechanical  deposition,  in  a  more  or  less  gra- 
dual manner,  and  from  suspension  in  water,  that  we 
must  attribute  their  origin,  as  is  more  fully  shown  in 
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the  same  chapter.  If  any  thing  could  prove  the  gra- 
dual and  mechanical  nature  of  this  process,  it  is  the 
state  and  existence  of  fossil  shells  in  the  calcareous 
strata,  the  successions  of  generations  of  animals  en- 
tangled in  mud,  arising  partly  from  their  own  sources, 
partly  from  extraneous  materials,  and  deposited  ac- 
cording to  the  strict  rules  of  mechanical  arrangement. 
The  Oyster  banks  of  our  own  times  are  their  copies 
or  types;  and  they  wait  only  for  that  time  and  these 
changes,  by  aid  of  which  they  are  destined  to  form 
the  limestones  of  a  future  earth. 

The  preparation  of  the  strata  is  a  tedious  process: 
that  it  has  been  the  work  of  incalculable  time,  requires 
no  other  proof  than  that  now  mentioned;  though 
endless  proofs  of  the  same  nature  are  found  in  the 
nature  of  the  strata  themselves,  and  in  the  changes 
now  going  on  upon  the  surface  of  the  earth. 

The  deposition  of  regular  strata  of  loose  materials 
in  distinct  succession,  may  be  seen  every  day,  in  the 
sections  of  lakes  arid  marine  sestuaries.  A  lake  is 
but  the  image  and  model  of  a  sea ;  an  sestuary  is  a  por- 
tion of  the  ocean  itself.  By  whatever  hydrostatic  or 
mechanical  laws,  therefore,  the  process  of  stratification 
lias  been  regulated  in  these,  it  must  have  been  similarly 
regulated  in  the  ocean  itself.  It  is  a  problem  in  which 
magnitude  does  not  form  an  element  of  calculation. 
As  far  as  relates  to  a  single  deposit,  even  the  precise 
mode  in  which  the  materials  are  distributed  on  the 
bottom  can  be  defined;  since  it  consists  in  a  com- 
bination of  the  force  of  gravity  and  the  resistance  and 
motion  of  water.  The  diminution  of  the  former 
power,  arising  from  the  different  specific  gravities  of 
the  earths  and  of  water,  added  to  the  minuteness  of 
the  materials,  which  thus  expose  a  large  relative  sur- 
face to  the  mechanical  impulse  of  the  water,  permits 
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them  to  be  floated  beneath  it  to  great  distances,  by  a 
succession  of  minute  actions,  till  they  finally  settle 
immoveably  on  the  bottom.  This  very  process  may 
be  witnessed  at  the  mouths  of  great  aestuaries,  as  well 
as  in  lakes.  In  the  latter,  as  in  the  former,  the 
motions  of  the  rivers  first  carry  the  materials  forward 
to  certain  distances  proportioned  to  their  power;  and, 
in  the  former,  this  action  is  incessantly  renewed  by 
the  daily  motions  of  the  tides ;  in  both,  by  the  restless 
state  of  the  water.  The  distance  to  which  mud  is  carried 
into  the  ocean  by  the  great  rivers  of  America,,  is  very 
great;  and,  to  a  less  degree,  the  same  phenomena  are 
visible  on  all  sea  coasts ;  while  the  renewal  or  change  of 
place,  in  deposits  of  mud  or  sand,  by  the  action  of  the 
tides  and  by  gales  of  wind,  is  familiar  to  every  mariner. 

But  this  operation  is  also  carried  on  in  those 
depths  which  our  eyes  cannot  reach ;  as  is  proved  by 
the  sounding-line.  Were  the  bottom  of  the  sea  not 
covered  with  loose  materials,  soundings  would  every 
where  be  clean  and  rocky;  whereas  mariners  well 
know  that  this  is  a  very  rare  occurrence,  and  that  it 
exists  only  where  elevated  rocks  are  found ;  forms  on 
which  mud  could  not  settle.  That  this  state  of  the 
bottom  occurs  all  over  the  ocean,  we  cannot  prove ; 
as  the  depths  of  soundings  are  limited,  and,  owing  to 
the  negligence  of  seamen,  have  been  held  far  more  so 
than  they  actually  are.  But  no  soundings  have  ever 
yet  been  made  where  mud  and  loose  matters  have  not 
been  found,  although  at  hundreds  of  miles  from  the 
nearest  land ;  and  in  the  trials,  in  Baffin's  Bay,  frag- 
ments of  limestone  with  calcareous  mud  were  brought 
up  from  depths  of  a  thousand  fathoms. 

Not  only  the  deposition  of  loose  materials,  but  the 
separation  of  different  kinds,  is  produced  by  water. 
In  lakes  and  aestuaries,  this  is  witnessed  in  the 
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deposits  themselves,  which  present  successions  of 
mud,  of  sand,  and  of  gravel.  There  is  no  difficulty  in 
understanding  the  nature  of  this  process  ;  since  it  is 
the  necessary  consequence  of  the  comparative  sizes  of 
the  materials,  or,  more  correctly  speaking,  of  the 
differences  of  ratio  between  the  contents  and  the 
surfaces  of  the  respective  solids.  The  regular  inter- 
stratification  of  sand  and  mica  on  sea  shores,  is  a 
familiar  example  of  this  fact. 

Thus  we  provide,  without  difficulty,  for  one  succes- 
sion at  least,  of  sand  or  gravel,  and  clay,  the  germs  of 
future  sandstone  and  shale.  By  the  assistance  of 
marine  animals,  whose  colonies  are  distributed  on  the 
bottom,  we  also  obtain  a  calcareous  stratum  ;  and  we 
are  thus  furnished,  with  the  essence,  at  least,  of  every 
stratum  which  nature  has  produced  among  the  secon- 
dary ones.  Such  of  the  causes  of  their  variations  as 
we  have  been  able  to  conjecture,  are  stated  in  their 
proper  place,  as  are  those  by  which  the  primary  and 
secondary  are  distinguished.  Whence  those  very 
frequent  alternations  have  arisen  among  them,  geolo- 
gists have  not  yet  been  able  to  discover ;  but  the 
general  principle  is  established,  when  it  is  shown  that 
a  single  series  of  three  can  be  produced,  and  is  ac- 
tually formed,  by  these  operations.  It  must  indeed  be 
apparent,  that  in  a  series  of  revolutions,  probably  of  a 
very  intricate  nature,  and  through  an  incalculable 
lapse  of  time  during  which  the  materials  must  have 
often  been  changed,  it  is  impossible  to  discover  all  the 
circumstances  by  which  these  alternations  have  been 
regulated.  But  it  must  still  be  remembered,  that  as 
far  as  transportation  and  deposition  alone  are  con- 
cerned, we  are  bound  to  explain  only  the  alternations 
of  sandstone  and  shale,  or  clay,  in  which  there  can  be 
no  great  difficulty.  Those  of  limestones  have  been 
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regulated  by  the  casual  establishment  of  animal  colo- 
nies in  beds  favourable  to  their  existence  and  repro- 
duction ;  as  it  is  elsewhere  shown  that  the  calcareous 
secondary  strata  are  chiefly  of  animal  origin.  But 
indeed  we  need  not  rest  the  decision  of  this  question 
on  grounds  merely  possible ;  since,  in  the  phenomena 
of  lakes  and  aestnaries,  we  have  convincing  proof  of 
alternations,  not  only  of  clay  and  sand,  produced 
from  the  materials  brought  down  by  rivers,,  but  of  beds 
of  shells  and  calcareous  mud  also. 

Thus  the  origin  of  strata  is  derived  from  deposi- 
tions of  the  materials  of  the  dry  land  under  the  waters 
of  the  sea,  and,  in  some  cases,  of  great  inland  lakes, 
intermixed  with  the  spoils  of  animals  that  have  lived 
and  died  through  a  long  succession  of  ages.  If  the 
daily  causes  of  waste  pulverize  the  solid  mountains, 
and  the  rivers  transport  their  ruins  to  the  sea,  so, 
other  causes,  acting  more  extensively  and  powerfully, 
must  be  allowed  a  share  in  producing  and  depositing 
the  materials  to  which  we  owe  our  present  stratified 
rocks.  The  extent  and  nature  of  these  operations  will 
be  fully  examined  in  its  proper  place,  as  they  are  now 
in  progress,  or  are  past,  and  as  they  include  that 
interesting  branch  of  geology  which  relates  to  the 
present  surface  of  the  earth.  (Chap,  xxii.)  In  the 
ruins  of  an  antient  earth  we  find  the  materials  which 
form  the  present ;  as,  in  the  destruction  of  the  land 
which  we  now  inhabit,  nature  seems  to  be  preparing 
habitations  for  future  races  of  animated  beings, 

But  though  I  have  here  said,  that  causes  operating 
more  extensively  and  powerfully  than  the  slow  actions 
of  waste  and  transportation,  may  have  aided  in  pre- 
paring the  materials  of  the  strata,  we  must  beware  of 
allowing  more  effect  to  these  than  they  were  capable 
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of  producing ;  as  has  been  done  by  those  who 
object  to  certain  geological  claims  on  indefinite  Time? 
and  who  seek  for  solutions  in  transitory  diiuvian 
powers.  The  effects  of  such  torrents  must  have  been 
to  deposit  mixed  materials  of  various  sizes,  in  a  con- 
fused manner  ;  and  they  could  therefore  have  prepared 
the  germs  of  the  conglomerate  strata  only.  The  strata 
formed  of  finer  materials  must  have  been  the  conse- 
quences of  tedious  actions,  analogous  to  those  which 
we  daily  witness  ;  while  their  separation  into  distinct 
rocks,  into  alternations  of  clay  and  sand  producing 
schist  and  sandstone,  must  have  equally  been  the  work 
of  a  slow  process  beneath  the  water.  And  thus  also 
we  discover,  from  the  comparatively  small  proportion 
of  the  mixed  and  conglomerate  strata,  the  small  ratio 
which,  in  antient  states  of  the  globe,  these  tumultuary 
actions  have  borne  to  the  more  gradual  ones  ;  while, 
from  the  concurrence  of  these  strata,  in  place,  with 
other  appearances  indicating  revolutions,  we  are  en- 
abled to  conjecture  the  causes  which  produced  these 
diiuvian  actions. 

It  has  been  remarked  that  consolidated  and  uncon- 
solidated  strata  alternate,  and  that  strata  are  not  de- 
posited in  the  order  of  their  specific  gravity.  Both  of 
these  facts  have  been  urged  against  certain  geological 
theories ;  but  they  will  probably  admit  of  explanation 
without  much  difficulty. 

Though  the  consolidation  of  strata  is  not  here 
attributed  to  heat,  the  alternation  of  unconsolidated 
clay  or  sand  with  solid  rocks  proves  nothing  against 
such  a  supposition.  The  heated,  or  rather  the  fluid 
original  state  of  trap  veins  is  admitted ;  and  it  is  not 
unusual  to  find  these  in  the  form  of  pseudo-strata,  or 
parallel  veins,  alternating  with  beds  of  clay ;  while 


AND    STRATIFICATION.  83 

masses  of  trap  are  also  found  incumbent  on  similar 
beds.  In  such  cases,  the  clay  is  often  converted  into 
jasper,  in  others  it  is  partially  changed,  while,  in  a 
third  case  it  has  escaped  entirely.  Sky  presents  the 
most  perfect  display  of  all  these  phenomena.  Thus, 
under  minor  degrees  of  heat,  alternating  beds  might 
have  escaped  its  action,  without  contravening  the 
general  principle,  should  any  geologists  be  inclined  to 
maintain  it.  But  there  is  still  another  well-known 
fact  which  might  be  adduced  in  proof  of  the  possibi- 
lity of  an  alternation  between  consolidated  and  un- 
consoli dated  strata,  even  if  heat  were  the  indurating 
cause.  This  is  the  decomposition  which  rocks 
undergo,  though  deeply  situated  beneath  the  sur- 
face ;  a  fact  common  in  granite  and  gneiss,  and 
even  in  trap  to  a  great  extent.  It  is  as  easy  to 
imagine  that  rocks  whose  constitution  admitted  of 
it,  should  have  undergone  this  change,  since  their 
consolidation,  while  the  adjacent  ones  have  escaped, 
as  that,  under  the  circumstances  already  stated, 
they  should  have  escaped  consolidation  altoge- 
ther. 

The  fact,  of  the  uncertain  recurrence  of  different 
specific  gravities  among  the  strata,  is  clearly  no 
obstacle  to  the  theory  of  stratification  here  laid  down. 
That  objection,  commonly  made,  is  founded  on  an 
equal  ignorance  of  the  chemistry  of  rocks  and  of 
mathematical  principles  ;  even  were  it  admitted  that 
all  the  strata  had  been  deposited  from  a  single  mixture 
of  earth  and  water.  The  subsidence  of  solids  through 
water  is  regulated  by  other  principles,  as  I  have 
already  shown,  than  that  of  mere  specific  gravity. 
But  whatever  the  specific  gravity  of  the  materials 
may  have  been,  that  of  the  ultimate  solid  is  parllv 
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regulated  by  its  final  state,  namely  the  density  conse- 
quent on  its  consolidation. 

Thus,  in  a  single  series  of  two  strata,  the  heaviest 
body  might  be  uppermost  ;  and,  in  fact,  if  quartz  and 
ferruginous  clay  were  suffered  to  subside  together  in 
water  under  agitation,  that  would  be  the  case.  As,  in 
the  present  view  of  stratification,  these  subsidences 
have  been  gradual,  and  the  consequence  of  distant 
and  distinct  operations,  the  whole  objection  falls  to 
the  ground, 

It  is  as  little  an  objection  to  the  theory  of  successive 
stratification,  that  crystalline  and  earthy  rocks  alter- 
nate ;  since,  under  the  innumerable  variety  of  circum- 
stances in  which  they  have  been  formed,  or  to  which 
they  may  have  been  exposed,  and  tinder  the  great 
variety  of  composition  which  they  present,  it  would 
be  much  more  surprising  were  this  not  the  case.  I 
need  dwell  on  this  supposed  difficulty  no  longer  ;  as 
the  Geologist,  who  is  inclined  to  examine  the  various 
cases  that  may  occur,  will  find  a  guide  to  assist  him  in 
the  chapter  which  treats  of  the  consolidation  of  rocks. 

The  mixtures,  gradations,  and  alternations,  which 
take  place  between  strata  of  different  natures  where 
they  meet,  have  given  rise  to  much  dispute  and  spe- 
culation ;  but  they  do  not  appear  difficult  of  explana- 
tion, on  the  simple  principles  which  are  indicated, 
here,  and  in  various  parts  of  this  work.  The  expla- 
nations of  individual  cases  must  however  depend  on  a 
variety  of  minute  and  local  particulars,  of  which  the 
explanation  would  be  tedious,  or,  for  want  of  minute 
and  local  knowledge  of  events  long  past,  difficult. 

Where  clay  and  sand,  to  reassurne  a  fundamental 
and  easy  case,  are  subsiding  from  water,  it  is  obvious 
that  there  might  be  a  race  run,  or  a  contest  for  time, 
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between  the  most  buoyant  parts  of  the  inferior,  and 
the  weightier  of  the  superior  deposit ;  whence  would 
follow  an  intermixture  of  character.  The  same  might 
occur  from  the  mere  action  of  water  in  motion,  on  the 
mutual  confines  of  two  substances  yet  free  to  move. 
As  to  that  interstratification  which  produces  beds 
properly  called  subordinate,  it  is  an  obvious  conse- 
quence of  more  than  one  cause  acting  where  a  river  or 
a  diluvian  torrent  has  wasted  or  transported  different 
rocks,  either  at  different  periods,  or  from  changes  of 
place ;  as  well  as  of  mixed  and  varying  hydrostatic 
actions  which  require  only  to  be  named.  As  to  the 
variations  in  the  characters  of  those  strata  which,  like 
most  or  all  of  the  primary,  seem  to  have  been  sub- 
jected to  the  action  of  heat,  it  can  require  no  further 
explanation  than  the  general  ones  elsewhere  given,  of 
the  actions  of  the  unstratified  rocks  on  the  strata,  and 
of  the  consolidation  of  rocks. 
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On  the  Dispositions,  Fractures,  and  dislocations,  of 
Strata. 

WHEN  we  find  the  stratified  rocks  forming  the  sum- 
mits of  the  highest  mountains,  elevated  many  thou- 
sands of  feet  above  the  level  of  the  sea,  and  when  we 
suppose  that  the  objects  which  we  are  contemplating 
were  once  covered  by  a  fluid,  we  are  strongly  impress- 
ed with  the  changes  which  the  relative  levels  of  the 
water  and  the  land  must  have  undergone,  with  the 
revolutions  which  the  surface  of  the  earth  has  experi- 
enced. And  when  we  find  the  remains  of  shell-fish 
imbedded  in  these  strata,  we  cannot  hesitate  to  admit 
that  these  rocks  have  once  been  covered  by  the  Ocean. 
When  lastly  we  observe  that  those  beds  which  must 
once  have  been  horizontal  are  now  vertical,  that  they 
are  inclined,  broken,  bent,  and  dislocated,  in  innumer- 
able ways,  we  are  forcibly  led  to  conclude  that  their 
present  distance  from  the  sea  has  been  accompanied 
by  violent  alterations  in  the  form  of  the  surface,  and 
that  it  has  been  produced  by  the  action  of  enormous 
powers.  An  inquiry  into  the  probable  nature  and 
causes  of  all  these  changes,  will  form  a  proper  con- 
clusion to  a  description  of  each  of  the  various  pheno- 
mena which  the  facts  themselves  present. 

The  horizontal  position  of  strata  is  not  incompatible 
with  their  situation  on  the  summits  of  the  highest 
mountains;  neither  are  the  inclined,  nor  even  the 
vertical  strata,  excluded  from  the  lowest  grounds. 
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The  sandstone  mountains  of  Rossshire,  formed  of  a 
strata  nearly  horizontal.,  exceed  3000  feet  in  altitude; 
and,  on  the  low  southern  shores  of  England,  the  chalk 
beds  are  found  in  a  vertical  position ;  but  it  is,  never- 
theless, more  common  to  find  that  mountainous  coun- 
tries are  characterized  by  an  inclined  stratification. 
In  some  places,  these  strata  are  found  to  occupy  the 
vertical  angle ;  and,  from  that,  they  present  every 
possible  inclination  down  to  the  horizontal  position. 
In  a  series  of  such  inclined  strata,  presenting  a  con- 
formity of  inclination,  the  parallelism  is  not  always 
perfect.  It  is  not  uncommon.,  on  the  contrary,  to  find 
that  the  angle  of  inclination  gradually  increases,  or 
diminishes,  according  to  the  line  on  which  the  series 
is  examined. 

This  is  the  simplest  appearance  of  elevated  strata: 
it  is  necessary  to  inquire  into  the  causes  which  have 
been  assigned  for  it;  that  the  fundamental  argument 
may  not  be  unnecessarily  incumbered  with  provisions 
for  effects  of  a  more  complicated  nature.  The  first 
question  is,  whether  that  distance  between  the  sea 
and  this  its  produce,  is  to  be  accounted  for  by  the 
desertion  of  the  latter,  that  is,  by  its  subsidence  to  a 
lower  level,  or  by  the  elevation  of  the  land  above  the 
waters.  It  is  unnecessary  here  to  clear  this  question 
of  the  incumbrance  it  once  suffered  from  those  opi- 
nions which  attributed  the  deposition  of  shells,  and 
even  of  strata  at  these  high  elevations,  to  the  ima- 
gined operations  of  the  Mosaic  deluge.  The  time  of 
that  reasoning,  which  equally  despised  philosophy 
and  perverted  Scripture,  is  past. 

The  subsidence  of  the  ocean  bears,  on  a  first  view, 
that  appearance  of  facility  which  invariably  misleads 
unreflecting  observers  and  feeble  reasoners.  It  has 
been  ascertained  by  Ulloa,  that  the  strata  near  Guanca- 
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velica  in  Peru,  contain  shells  at  an  elevation  of  mor£ 
than  14,000  feet  above  the  level  of  the  sea.  To  depress 
the  ocean  from  that  point  to  its  present  level,  is  to 
annihilate^  or  otherwise  dispose  of,  all  the  water  that 
would  be  required  to  fill  the  imaginary  space  between 
the  spheroid  whose  diameter  is  bounded  by  the  present 
level  of  the  sea,  and  that  which  exceeds  it  by  twice 
14,000  feet.  This  is  a  problem  for  which  neither  che- 
mistry nor  geology  has  made  provision.  Nothing  in 
nature  is  annihilated;  nor  will  the  laws  of  astronomy 
here  concede  that  which  those  of  chemistry  alike 
refuse,  when  it  is  recollected  that  the  imaginary  mass 
of  water  in  question,  exceeds  one  five  hundredth  part 
of  the  bulk  of  the  whole  earth.  To  attempt  to  prove 
that  it  has  not  retreated  within  imagined  abysses  of 
the  globe,  would  now  be  to  argue,  it  is  hoped,  without 
opponents. 

Even  if  all  this  could  be  admitted,  arid  every  ad- 
vantage allowed,  it  will  immediately  appear  that  this 
supposition  offers  only  a  very  partial  explanation  of 
the  phenomena  that  attend  elevated  strata.  An  hypo* 
thesis  that  explains  but  one  out  of  many  concatenated 
effects,  carries  with  it  its  own  condemnation. 

Let  us  now  examine,  on  the  other  hand,  the  argu- 
ments which  prove  that  the  land  has,  on  the  contrary, 
quitted  the  sea;  that  it  has  been  raised,  by  whatever 
causes,  to  its  present  elevation  above  the  general  level 
of  the  simple  spheroid. 

If  the  highly  inclined  position  of  strata  were  not  in 
itself  a  proof  of  their  elevation,  evidences  of  motion 
are  found  in  a  great  number  of  phenomena,  which 
are  more  particularly  described  in  their  proper  places. 
In  their  curvatures  we  find  proofs  of  disturbance ;  we 
find  even  more  decided  evidence  to  the  same  purpose, 
in  their  fractures.  But  when  we  see  that  these  frao 
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tares  are  often  accompanied  by  a  separation  of  the 
parts  which  were  once  continuous,  that  one  portion 
of  a  stratum  occupies  a  higher  or  lower  place  than 
another,  and  that  this  separation  is  often  attended  hy 
a  difference  in  the  angle  of  inclination  of  the  sepa- 
rated parts,  we  have  every  proof  that  can  be  desired, 
of  an  alteration  in  the  positions  of  stratified  rocks 
since  the  period  at  which  they  Avere  formed  or  conso- 
lidated. Here  we  may  safely  reason  from  a  part  to 
the  whole ;  from  a  single  member  in  a  connected 
train  of  phenomena,  to  all  those  by  which  it  is 
accompanied. 

In  the  nature  of  the  materials,  of  which  many  of 
the  inclined  strata  are  formed,  we  find  further  proofs 
of  their  elevation.  It  is  elsewhere  shown,  that  many 
of  them  are  composed  of  substances  once  separate  ;  of 
sand,  and  of  fragments  of  more  antient  rocks,  conso- 
lidated by  causes,  respecting  which  it  has  been  in- 
quired in  its  proper  place.  (Chap,  xii.)  It  is  admitted 
that  the  finer  materials,  at  least,  need  not  necessarily 
have  been  deposited  on  a  horizontal  plane  ;  but  that 
they  might  rest  beneath  water  at  angles  of  considera- 
ble inclination,  waiting  for  the  period  of  their  conso- 
lidation. But  this  admission  is  far  too  limited  to  be 
of  use  in  explaining  the  cases  that  occur.  It  is  noto- 
rious that  the  conglomerate  rocks,  which  form  such 
conspicuous  strata  in  many  countries,  and  which 
prevail  chiefly  at  the  boundary  which  separates  the 
strata  called  secondary  from  the  primary,  are  often 
found  in  positions,  not  only  highly  inclined,  but 
absolutely  vertical.  As  the  materials  of  these  are 
often  of  such  bulk  as  to  weigh,  ev<m  many  hundred 
pounds,  it  is  evident  that  the  original  position  of  the 
strata  which  contain  them,  must  have  been  hori- 
zontal. 
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It  is  well  known  that  certain  marine  worms  which 
live  in  sand  and  inhabit  straight  tubular  shells,  invari- 
ably penetrate  the  sand  in  a  vertical  direction.      Ana- 
logous fossils  found    in    the   horizontal    strata,    pre- 
serve the  same  vertical  position.      But  where  sucli 
strata  are  inclined,   the  position  of  the  animal   is   no 
longer  vertical  to  the  horizon,    although  it  preserves 
its  perpendicular  position  to  the  stratum  ;    indicating 
the  change  of  place  which  that  has  undergone   since 
it  formed  a  part  of  the  ocean's  bed.       Further,  when 
a  concave  shell  subsides  in  water,  it  must  necessarily 
rest  with  its  convexity  downwards ;     and  thus   the 
shells  of  such  animals  of  this  form  as  have  died  on 
submarine  banks,  are  found  in  the  mud,  accumulated 
in  this  position.      But  in  the  elevated  strata  of  rock 
in  which  such  remains  abound,    they  are  found  no 
longer  to  regard  the  horizontal  plane ;    while  their 
position,  on  the  contrary,  respects  those  of  the  strata ; 
offering  a  test,     in   cases   of  great  disturbance,    by 
which  the  originally  inferior  part  of  any  such  stratum 
may  be  determined.      The   same  conclusion  follows 
from  considering  the  positions  of  leaves  in  the  strata 
that  accompany  coal.      In  these  cases,  the  flat  side  of 
the  leaf  is  invariably  parallel  to  the  plane  of  the  stra- 
tum, although  it  may  often  be  vertical  to  the  horizon ; 
a  position,  it  is  sufficiently  plain,  in  which  such  sub- 
stances could  not  have  been  deposited  from  water. 

The  general  elevation  of  strata  from  the  bottom 
of  the  ocean  being  thus  proved,  it  remains  to  inquire 
respecting  those  varieties  of  appearance  and  of  relative 
position,  which  are  either  interesting  in  themselves, 
or  in  their  consequences,  or  which  require  for  their 
explanation  the  aid  of  other  accessary  causes. 

As  strata  may  be  elevated  to  the  perpendicular 
position  by  causes  or  forces  the  exact  nature  of  which 
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we  cannot  ascertain,  it  is  easy  to  imagine  that  they 
may  pass  the  vertical  line,  or  become  to  a  certain 
degree  reversed.  It  is  very  plain  that,  in  such  a 
case,  errors  might  he  easily  committed  respecting 
the  relations  of  a  particular  series.  If,  for  example, 
any  portion  of  a  simple  series  were  thus  to  he  reversed, 
so  that  the  one  part  should  approach  towards  a  pa- 
rallel direction  with  the  other,  an  unreal  alternation 
would  appear  to  exist ;  or  that  stratum  which  was  in 
one  place  the  inferior,  would,  in  another,  become 
the  uppermost.  This  is  a  case,  however,  which, 
must  always  be  difficult  to  prove ;  although  Saussure 
and  others  have  supposed  that  they  have  ascertained 
examples  of  it.  It  is  evidently,  not  only  a  possible 
but  a  probable  occurrence,  when  we  consider  the  ex- 
treme motions  which  strata  have  often  undergone ;  but 
to  determine  it  truly  where  it  exists,  must  be  left  to 
the  sagacity  and  knowledge  of  the  geologist ;  as  no 
rules  could  be  given  but  those  which  every  one  may 
deduce  for  himself  when  acquainted  with  the  pheno- 
mena of  rocks  in  nature. 

Contrariety  of  position  forms  one  of  the  most  inte- 
resting and  important  circumstances  attending  on  the 
changes  which  strata  have  undergone  ;  not  only  offer- 
ing proofs  of  partial  and  distinct  seras  of  disturbance, 
but  presenting  some  of  the  most  satisfactory  evidence 
that  exists,  respecting  the  successive  changes  which 
appear  in  the  constitution  of  the  globe. 

The  simplest  case  of  this,  perhaps,  is  that  in  which 
approximate  strata  are  merely  inclined  to  each  other 
in  opposing  directions,  and  where  no  one  is  distinctly 
placed  towards  the  next  in  a  reverse  or  unconformable 
position.  A  simple  series  of  this  nature,  consists  of 
beds  inclined  to  each  other  in  such  a  manner  as  to 
respect  one  vertical  line.  These  may  converge  from 
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an  imaginary  plane,  upwards  to  the  perpendicular,  or 
from  a  similar  plane  downwards  ;  in  which  latter  case 
they  have  been  called  divergent  strata ;  in  both,  the 
term  radiated  has  been  applied  to  them. 

Such  a  series  is  subject  to  change  its  inclination  in 
the  course  of  its  progress  from  the  imaginary  perpen- 
dicular ;  the  angles  gradually  diminishing  till  they 
become  horizontal ;  and,  to  this  modification,  the 
term  of  radiated  ought  in  strictness  to  be  limited.  It 
is  further  not  uncommon  to  find  a  series  of  this  nature 
exceedingly  complicated  ;  the  angles  of  convergence 
and  divergence  occurring  alternately,  together  with 
intermediate  horizontal  portions.  The  western  coast 
of  Argyllshire  offers  a  very  interesting  and  extensive 
example,  in  a  series  containing  Chlorite  schist  and 
other  rocks,  which  is  described  in  another  part  of 
this  work.  (Chap,  xxvii.) 

The  appearances  under  review  are  interesting, 
whether  we  advert  to  their  probable  causes,  or  to  the 
condition  of  the  strata  before  these  changes  took 
place.  It  must  also  be  evident,  that  they  tend  to 
confound  all  our  reasonings  respecting  the  actual  or 
original  alternations  of  the  strata;  as  it  is  scarcely 
possible,  in  complicated  cases,  to  determine  what 
belongs  to  original  position  and  what  to  disturbance ; 
how  far  the  succession  is  simple,  or  how  far  it  has 
been  multiplied  by  the  repetitions  consequent  on 
change  of  place. 

To  assume  a  simple  case,  it  is  evident  that  a  series 
of  strata  becomes  doubled  by  one  convergence  ;  and, 
if  these  be  multiplied,  there  is  no  limit  to  the  apparent 
repetitions  that  may  ensue.  Thus,  for  example,  a 
series  of  four  rocks,  alternately  converging  to  points 
above  and  below  the  surface,  so  as  to  form  six  com- 
plete angles,  will  present  the  deceptive  appearance  of 
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twenty-eight  alternations  ;  while  it  is  further  evident, 
that  the  true  superposition  of  the  original  strata  is 
entirely  perverted.  The  results  of  these  effeets  cor- 
respond to  those  hereafter  described  in  the  case  of  un- 
dulations, where  the  upper  points  of  flexure  have 
been  removed. 

That  this  statement  is  not  visionary,    is  proved   by 
numerous  examples  on  a  small  scale  ;  where  not  only 
the  fact  itself  has  been  clearly  ascertained  by  natural 
sections,  but  rendered  evident  by  the  peculiar   nature 
of  the  strata.     That  it  may  exist  on  a  very  extensive 
scale  also,  is  rendered  highly   probable   by   the  facts 
already  noticed  respecting  the  series  of  Argyllshire  ;  a 
tract  more    fully    described   in  the   account  of    the 
Western  Isles.     The  whole  of  this  tract  may  be  con- 
sidered as  exceeding  twenty  miles,    on  a  line  taken 
transversely   to   the    bearings     of    the    strata ;     and 
throughout  this  space,  computing  from  enumerations 
taken  at  different  places,  there  are  probably  not  less 
than  40,000  strata.     Yet  the  rocks  of  which  they  all 
consist  are  limited  essentially  to  four,  namely,  quartz 
rock,    micaceous   schist,    chlorite   schist,    and    horn- 
blende schist ;  the  minor  variations  being   of  compa- 
ratively little   moment,    and   easily  conceived  to  be 
mere  varieties  of  these  four  fundamental   substances. 
Throughout  this  whole  space,    these  strata  present  an 
incalculable  number  of  discordant  positions,  consisting 
in  that  frequent  alternation  of  opposite   inclinations 
already  described,     intermixed   with  horizontal    and 
vertical    beds.         It    is   probably    therefore,   not  un- 
reasonable to  suppose,  that  this  tract  consisted   once 
of  a  series  of  horizontal  strata,  of  perhaps  four  sub- 
stances only ;  and  that,  in  consequence  of  numerous 
displacements,     they  have  assumed   the   complicated 
and    deceptive   appearance   which   they   now  present. 
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That  such  a  series  would  occupy  a  less  horizontal 
space  after  disturbance  than  before  it,  is  a  difficulty 
that  occurs  to  a  greater  or  less  degree  in  almost  every 
instance  of  similar  elevations ;  but  it  is  not  such  as  to 
alter  our  general  conclusions  respecting  the  real 
nature  of  these  phenomena. 

As  the  general  causes  of  the  elevations  of  strata  will 
necessarily  be  considered  hereafter,  it  is  only  now  re- 
quisite to  say,  that,  whatever  these  may  be,  it  is  easy 
to  apply  them  to  the  production  of  the  most  compli- 
cated of  these  effects,  by  merely  varying  their  energy 
or  multiplying  their  places,  or  repetitions.  It  can 
hardly  be  necessary  to  point  out,  that  one  elevation 
at  a  given  point  would  produce  a  simple  series  con- 
verging above  the  surface,  and  that  two  would  give 
rise  to  a  convergence  downwards  in  the  intermediate 
space.  If  subsidence  be  resorted  to  for  the  explana- 
tion, it  is  only  requisite  to  reverse  this  statement;  and 
it  is  further  evident,  that  the  most  extensive  and  dis- 
cordant series  that  can  exist,  will  admit  of  a  similar 
mode  of  explanation. 

Of  the  Depth  of  Strata  beneath  the  Surface. 

It  has  been  ignorantly  made  a  matter  of  reproach 
to  geologists,  that  they  reasoned  respecting  the  structure 
of  an  earth,  to  which  they  had  no  further  access  than 
by  operations  that  ought  to  be  considered  but  as 
scratches  on  its  surface.  It  has  been  said  that  the  highest 
mountains  were  but  as  dust,  and  the  deepest  mines 
but  as  invisible  punctures  on  a  common  geographical 
globe.  But  a  consideration  of  the  elevated  positions 
of  strata,  and  of  the  consequences  which  may  thence  be 
inferred,  are  sufficient  to  show  that  this  reproach  is 
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as  unfounded  in  fact,  as  it  is  bottomed  on  an  igno- 
rance of  geological  phenomena. 

Jf  we  were  to  assume,  in  the  simple  case  of  a  ver- 
tical stratum,  that  it  had  been  formed  in  this  position, 
we  have  no  reason  for  denying,  that  for  aught  we 
can  prove  to  the  contrary,  it  may  reach  to  the  centre 
of  the  globe,  thus  rendering  our  knowledge  of  the 
deepest  regions  as  perfect  as  that  of  the  surface.  If, 
on  the  contrary,  we  suppose  that  such  a  stratum  has 
once  been  horizontal,  and  has  become  vertical  from 
elevation,  we  have  only  to  measure  the  superficial 
extent  of  any  large  similar  stratum  or  series  of  strata 
which  has  been  observed,  and,  by  placing  it  in  the 
same  position,  wre  can  infer  the  probable  depth  below 
the  surface,  from  that  which  is  visible  above  it. 

But  to  proceed  more  accurately,  let  us  suppose  a 
great  horizontal  tract  where  the  edges  of  strata  are 
exposed.  If  we  measure  these  at  right  angles  to  the 
plane  of  stratification,  and  then  suppose  them  restored 
to  their  original  horizontal  position,  we  have  dis- 
covered the  structure  of  the  earth  to  at  least  the  same 
depth. 

This  is  not  an  imaginary  case,  though  put  in  an 
imaginary  form;  since  examples  of  it  occur  all  over 
the  world.  The  erected  edges  of  a  series  of  strata 
are  often  seen  following  each  other  over  large  hori- 
zontal spaces;  they  are  often  found  in  the  acuter 
rocky  declivities  of  mountains,  or  in  vertical  cliffs. 
By  a  simple  trigonometrical  operation,  it  is  easy  to 
compute  the  thickness  of  a  series ;  or  it  might  be 
measured  by  a  repeated  addition  of  the  dimensions 
of  the  integrant  strata.  That  thickness  is  the  measure 
of  the  original  depth  before  elevation.  Thus  also  it 
may  be  computed  to  what  depth  from  the  surface,  at 
any  given  spot,  it  would  be  necessary  to  sink  before 
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reaching  the  lowest  bed;  which  is  evidently  the  very 
depth,  be  it  what  it  may,  that  is  actually  exposed  to 
the  light  of  day.  It  may  be  much  more;  and  thus 
we  see  within  the  earth  as  perfectly  as  if  it  were 
transparent.  It  is  unnecessary  to  name  examples  of 
a  fact  which  occurs  in  every  part  of  the  world;  but  it 
has  been  computed  by  Mr.  Playfair  from  an  observa- 
tion of  Pallas,  that  in  this  one  instance  quoted  from 
him,  we  probably  gain  access  to  61  miles  in  depth, 
or  nearly  a  sixty-fifth  part  of  the  radius  of  the 
globe. 

It  is  however  necessary  to  modify  this  general  con- 
elusion.  The  unterminable,  or  even  distant  prolon- 
gation of  inclined  strata  downwards,  is  no  more  pro- 
bable than  their  uninterrupted  continuity  on  the 
surface.  All  rocks  appear  to  be,  in  a  certain  sense, 
partial  and  limited.  They  are,  moreover,  subject  to 
fractures  and  displacements,  which  must  interfere 
with  such  conclusions  respecting  their  prolongations 
beneath  the  surface.  The  very  fact  of  elevation  and 
displacement  implies  this  ;  while  we  have,  otherwise, 
no  reasons,  a  priori,  for  supposing  that  strata  depo- 
sited from  an  ocean,  however  antient,  can  exist 
beyond  a  certain,  however  undefined,  depth  ;  while 
the  repetitions  of  beds  in  contrary  positions,  assure 
us  that  the  depositions  of  such  strata  have  been  the 
consequences  of  alternate  destruction  and  renewal. 

An  example  or  two  will  serve  to  illustrate  the  na- 
ture of  the  limitations  to  be  made  in  reasoning  re- 
specting the  depths  of  strata  beneath  the  surface.  In 
the  Argyllshire  series  already  described,  it  was  shown 
that  the  appearances  were  easily  accounted  for  by  a 
theory  which  would  prove  their  depth,  either  now  or 
in  their  original  position,  to  be  very  limited.  Nor  is 
there  anv  reason  to  imagine  that  thev  extend  to  great 
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depths;  on  the  contrary,  the  very  nature  and  multi- 
plicity of  their  disturbances,  argue,  not  only  for  their 
own  limited  extent,  but  show  how  similar  causes  may 
have  equally  limited  the  subterrene  extent  of  strata 
in  other  places,  where,  either  the  appearances  are  not 
so  obvious,  or  hare  not  been  so  perfectly  investi- 
gated. 

It  is  not  unusual  to  meet  with  a  long  succession  of 
alternating  strata,  following  each  other  with  a  com- 
mon, though  variable  inclination.  According  to  the 
rules  above  laid  down  for  computing  the  original 
depth  of  such  strata,  or  the  access  which  we  thus  gain 
within  the  earth,  we  might  conclude  that  we  had 
penetrated  far  beneath  it.  Yet  we  might  here  be 
easily  deceived.  If  it  be  imagined  that  a  horizontal 
series  was  elevated  at  different  points  in  succession, 
so  as  to  preserve  such  a  consecutive  disposition  as 
may  aptly  be  represented  by  the  teeth  of  a  saw,  it  is 
plain  that  a  very  small  number  of  original  strata  would 
give  rise  to  a  great  series  of  inclined  ones,  and  that 
we  might  form  a  very  false  conclusion  respecting  the 
real  nature  of  such  a  series.  It  is  probable,  from 
some  appearances  occurring  on  the  west  coast  of 
Scotland  and  among  the  neighbouring  islands,  that 
this  is  actually  the  case  in  that  tract;  and  we  are 
thus  also  easily  led  to  explain  that  repeated  succession 
of  a  very  limited  number  of  strata  in  consecutive 
order,  which  is  found  among  the  islands  in  question. 

Of  unconformable  Strata, 

The  next  case  of  contrariety  in  the  relative  po- 
sitions of  strata,  is  of  much  greater  interest;  as 
affording  evidence  of  some  of  the  most  important 
changes  which  have  occurred  on  the  surface  of  the 
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earth.  It  consists  in  that  difference  of  position  be- 
tween approximate  strata  which  has  been  called  un- 
conformable.  In  this  modification,  the  strata  not 
only  depart  from  a  general  parallel  order,  but  the 
change  is  so  abruptly  made,  that  one  series,  or  stratum, 
is  found  placed  at  angles  to  another,  and  in  contact; 
so  as  that  the  planes  of  the  superior  repose  on  the 
edges  of  the  inferior.  The  angle  at  which  this  species 
of  junction  may  take  place,  is  variable;  and  its  va- 
riations lead  to  no  conclusions  that  are  not  very 
obvious. 

It  is  easy  to  understand  the  nature  of  this  appear- 
ance. If  we  examine  the  deserted  bed  of  a  lake,  in  a 
stratified  country  of  the  usual  elevated  structure,  we 
shall  find  horizontal  strata  of  matters  more  or  less  in- 
durated, deposited  on  the  rocks  beneath,  in  reverse 
order.  Here  then  is  a  combination  of  events,  of 
which  we  see  one  half,  and  infer,  with  tolerable  cer- 
tainty, the  other.  The  conclusion  is  natural;  that  a 
period  has  elapsed  between  the  production  of  these 
two  orders  of  strata,  and  that,  during  this  interval, 
the  inferior  series  had  been  displaced  from  their  original 
position.  Extending  this  reasoning  to  the  uppermost 
class  of  rocky  strata  with  which  we  are  acquainted, 
namely,  the  fresh  water  or  tertiary  deposits,  we  assign 
an  interval  of  time,  in  the  same  manner,  to  the  dif- 
ference of  position  which  separates  them  from  the 
secondary  or  marine  strata  beneath.  And  thus  again, 
in  the  same  way,  we  discover  another  revolution  and 
another  interval,  at  the  boundary  which  separates  the 
secondary  from  the  primary  strata ;  indicated  equally 
by  reverse  order  of  position.  It  is  not  the  place  here 
to  pursue  the  train  of  reasoning  to  which  these  ap- 
pearances lead,  nor  to  specify  all  the  instances  in 
which  these  reversals  of  position  occur.  A  more 
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proper  place  for  that  discussion  will  be  found  hereafter. 
(Chap  xxi.)  It  is  sufficient  to  remark,  that  they 
prove  a  series  of  changes,  with  intermediate  intervals 
of  repose ;  changes  which  have  elevated  in  succession 
the  strata  that  had  been  once  deposited  in  a  horizontal 
position,  and  times  of  rest  permitting  the  formation 
of  new  deposits. 

It  is  evident,  that  the  variations  in  the  appearances, 
at  these  junctions  of  unconformable  strata,  may  be 
considerable;  as  there  is  no  limit  to  the  varieties  of 
position  which  the  inferior  strata  may  have  assumed. 
The  angles  at  which  they  meet  may  amount  to  a 
right  angle:  they  may  be  infinitely  small,  or  parallel, 
even  between  those  rocks  which,  at  another  point, 
may  be  completely  reversed;  since  these  circum- 
stances must  depend  on  the  discordant  or  regular  po- 
sition of  the  fundamental  strata.  It  is  plain,  for  ex- 
ample, that  a  horizontal  series  of  strata  now  deposited 
on  the  Argyllshire  series  already  described,  would  oc- 
cupy every  possible  relative  position  to  the  same  rock. 
Thus,  although  a  reverse  position  is  always  sufficient 
to  prove  an  interval  of  time  between  successive  strata, 
its  absence  is  not  always  evidence  of  the  negative. 

The  simplest  case  only  has  been  stated;  namely, 
that  in  which  the  superior  strata  are  horizontal,  what- 
ever may  be  the  position  of  the  inferior.  But  the 
superior  strata  are  often  highly  inclined,  while  the 
inferior  are  still  unconformable  to  them.  It  is  pos- 
sible that,  in  such  a  case,  the  most  antient  strata  may 
be  the  least  inclined  of  the  two :  they  may  even  be 
horizontal.  Whatever  may  be  the  fact  in  this  respect, 
it  is  plain  that  the  inclined  state  of  the  superior 
strata  proves  that  even  they  have  been  displaced 
since  their  deposition;  and  thus  it  is  also  proved 
that  the  inferior  strata  have  been  twice  dis- 
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placed;  once  to  assume  the  inclined  position  them- 
selves, and  a  second  time  to  communicate  it  to  those 
of  which  they  formed  the  basis  and  support.  Other 
proofs  of  two  displacements  of  the  inferior  strata, 
will  be  found  in  the  phenomena  of  fractures  and  shifts 
hereafter  described. 

As  it  has  been  shown  that  there  have  been  suc- 
cessive displacements  and  depositions,  it  is  next  easy 
to  see  that  three  or  more  reversals  of  position  might 
occur  in  a  long  series,  in  which  all  the  parts  were 
open  to  investigation.  This  indeed  may  be  inferred 
without  difficulty,  from  the  comparison  of  the  posi- 
tions of  different  sets  of  strata  ;  but  I  cannot  quote 
any  instance  in  which  more  than  two  have  actually 
been  observed  in  one  spot.  But  it  is  unnecessary  to 
dwell  on  this  subject.  Sufficient  has  been  said  to 
show,  that  in  the  proofs  which  we  have  of  successive 
changes  in  the  positions  of  strata,  provision  is  made 
for  explaining  all  the  confusion  which  is  manifest  in 
the  disposition  of  the  rocks  at  the  surface. 

Of  Fractures  of  the  Strata. 

If  strata  had  been  deposited  where  they  are  now 
found,  there  could  be  no  reason  for  expecting  any 
breaches  of  their  continuity.  Such  accidents  are 
nevertheless  common,  and  they  serve,  not  only  to 
confirm  the  opinion  that  the  positions  of  strata  have 
been  changed  since  their  formation,  but  to  give  us 
some  insight  into  the  nature  and  direction  of  the 
moving  forces. 

The  simplest  case  of  this  nature  consists  in  a  mere 
fracture  of  the  strata,  in  which  the  separated  parts 
remain  in  the  same  places.  This  occurs  on  every 
possible  scale  of  magnitude;  sometimes  aifecting  very 
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small  beds,  or  even  portions  of  rocks  ;  at  others, 
involving  a  large  series  of  strata.  The  extent  of  such 
fractures  also  varies;  but  is  rarely  very  great,  without 
being  attended  by  those  motions  which  will  imme- 
diately be  considered. 

It  is  much  more  common  to  find  that  the  separated 
portions  of  strata,  thus  fractured,  no  longer  preserve 
the  game  continuity  of  position ;  and  these  changes 
are  attended  with  some  variety.  It  is  observed,  in 
the  first  place,  that  a  distance  intervenes  between  the 
separated  ends  of  the  mass,  in  a  line,  vertical,  or 
nearly  so,  to  the  plane  of  the  strata ;  and  the  quan- 
tity of  this,  or  the  extent  of  the  slide,  is  often  con- 
siderable, producing  those  shifts  which  are  of  such 
frequent  inconvenience  in  the  progress  of  a  coal  mine. 
In  such  an  event,  the  broken  strata  may  continue 
parallel,  though  no  longer  in  the  same  plane :  but  it 
also  happens  that  an  alteration  of  the  angle  occurs  at 
the  same  time ;  so  that  the  same  series  of  rocks  pre- 
sents two  different  inclinations  on  the  opposite  sides 
of  the  place  of  fracture.  It  needs  scarcely  here  be 
shown,  that,  in  extreme  cases  of  this  nature,  the 
phenomena  of  opposing  or  convergent  strata  may  be 
produced  ;  or  that  fractures  attended  with  a  mere 
change  of  inclination,  may  occur  without  being 
accompanied  by  any  sliding  or  complete  separation  of 
the  broken  ends.  To  say  that  such  fractures  and 
shifts  may  also  be  attended  with  flexures  of  the  strata, 
or  that  they  may  be  the  consequences  of  curvatures 
exceeding  the  power  of  flexibility,  would  be  only  to 
anticipate  what  is  necessarily  detailed  in  the  following 
chapter. 

It  is  usual,  in  the  language  of  miners,  to  consider 
a  stratum  as  either  elevated  or  depressed ;  but  this 
expression  is  regulated  by  his  casual  progress  along 
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the  stratum,  and  by  the  direction  in  which  he  is  con- 
sequently compelled  to  seek  that  part  which  has  dis- 
appeared from  the  line  of  his  progress.  But  there  is 
a  real  distinction  of  this  kind  ;  since  if,  for  example, 
we  assume  a  series  which  is  elevated  at  a  high  angle, 
and  trace  it  from  above  downwards  along  its  plane, 
the  separated  portion,  in  such  a  case  of  fracture,  may 
either  be  elevated  above,  or  depressed  below,  that 
part  which  it  has  quitted.  Appearances  of  this  na- 
ture serve  to  give  some  insight  into  the  place,  at 
least,  of  the  agents  or  forces  by  which  the  fractures 
have  been  produced.  In  the  case  of  vertical  strata 
which  have  been  broken  and  shifted,  it  is  evident 
that  the  motion  must  be  horizontal ;  while,  in  hori- 
zontal strata,  the  change  of  place  can  be  considered 
as  an  elevation  or  a  depression,  only  as  it  relates  to 
the  progress  or  position  of  the  miner. 

As  it  has  been  shown  that  the  changes  of  position 
displayed  by  the  stratified  rocks  have  occurred  at 
different  periods,  so  it  is  certain  that  fractures  and 
shifts  belong  also  to  different  seras.  This  is  proved 
without  difficulty,  by  finding  that  one  of  these  inter- 
sects the  other  where  two  occur  together ;  while  even 
more  than  two  are  not  unfrequent.  But  we  must 
remain  content  with  knowing  this  bare  fact ;  as  no 
criterion  has  been  discovered  by  which  it  can  be  as- 
certained at  what  period  any  slip  took  place,  or  what 
distance  of  time  has  intervened  between  successive 
events  of  this  nature. 

The  circumstance  of  fracture  proves  that  the  rocks 
which  have  thus  been  shifted,  had  acquired  their  in- 
duration and  rigidity  before  the  slides  took  place ; 
and  as  the  fact  of  curvature  shows  that  the  rocks 
affected  in  this  manner  were  then  flexible,  it  has  been 
argued  that  curvatures  are  necessarilv  of  a  more  re- 
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mote  origin  than  slides.  This  opinion  must  however 
be  qualified ;  as  it  is  shown  in  the  succeeding  chap- 
ter, not  only  that  curvatures  and  fractures  may  be 
simultaneous,  but  that  strata  are  actually  bent  by  the 
same  forces  by  which  they  have  been  broken  and 
separated  from  their  connexions. 

All  the  appearances  which  belong  to  fractures  and 
shifts,  are  to  be  seen  on  a  small  scale,  in  perfection ; 
occurring  in  innumerable  rocks,  so  as  to  form  cabi~ 
net  specimens  which  are  perfect  natural  models  of  the 
great  events  that  have  produced  so  many  important 
changes  in  the  surface  of  the  globe.  The  varieties 
thus  occurring,  are  often  singularly  interesting,  from 
their  peculiarities  ;  and,  among  those  that  have  been 
described,  there  is  none  more  remarkable  than  one  of 
which  I  have  given  an  account  in  the  Geological 
Transactions.  In  this,  a  succession  of  equal  slides  has 
taken  place,  in  such  a  manner  as  to  separate  an  inter- 
secting vein  of  the  original  rock  into  numerous  parts ; 
marshalling  these  in  a  new  line  which  forms  a  consi- 
siderable  angle  with  the  original  position  of  the  vein. 
While  the  fact  is  in  itself  remarkable,  it  serves  as 
an  indication  of  the  changes  which  must  take  place  in 
the  form  of  the  surface,  when  slides  of  an  analogous 
nature  have  occurred  on  the  large  scale. 

The  phenomena  of  rock  veins  having  already  been 
described,  and  those  of  mineral  veins  forming  the 
object  of  a  separate  chapter,  it  can  only  be  necessary 
to  remark  in  this  place,  that  all  the  displacements 
which  occur  in  strata,  and  all  the  reasonings  which 
apply  to  their  disturbances  and  motions,  equally  occur 
in  veins,  and  are  equally  applicable  to  them,  of  what- 
ever description  they  may  be.  As  such  veins  often 
exist  in  the  rocks,  before  displacement,  it  is  evident 
that  they  must  be  implicated  in  all  the  consequences 
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of  the  motions  of  these.  The  very  existence  of  some 
veins  is  further  involved  in  that  of  fractures,  and  it  is 
therefore  an  unavoidable  object  of  consideration  in  this 
place. 

The  fractured  ends  of  a  stratum,  or  rock,  may 
remain  in  contact,  without  any  intervening  material, 
or  they  may  be  separated  to  a  distance  in  the  same 
manner.  But  this  is  a  rare  occurrence,  and  is  only 
observed  in  the  more  recent  fractures  and  displace- 
ments ;  generally,  indeed,  in  those  in  which  we  can 
almost  name  the  period  of  fracture.  It  is  a  general 
rule,  on  the  contrary,  that  some  substance  intervenes 
where  the  separation  occurs ;  and  this,  according  to 
its  quality  and  thickness,  forms  veins  of  different 
characters  and  dimensions.  It  is  equally  obvious, 
that  intersecting  veins  will  be  the  natural  consequence 
of  fractures  and  slides  occurring  at  different  periods  of 
time- 
In  the  minuter  appearances,  the  matter  of  the  veins 
is  generally  quartz  or  carbonat  of  lime,  sometimes  in- 
durated clay :  in  the  larger,  conglomerated  substances, 
or  portions  of  the  unstratified  rocks  occur ;  but 
enough  has  already  been  said  on  a  subject  which 
nevertheless  required  to  be  noticed  among  those  phe- 
nomena with  which  it  is  so  intimately  connected.  I 
need  only  here  remark,  that  although  the  reunion  of 
fractured  rocks  is  generally  produced  by  the  interven- 
tion of  those  substances  which  form  the  minuter  veins, 
and  generally,  it  is  probable,  from  watery  infiltrations 
of  silica  or  carbonat  of  lime,  the  process,  in  some 
cases,  appears  rather  more  mysterious.  Thus  I  have 
observed,  that  hornblende  schist  is  reunited  by  veins 
of  the  same  substance,  and  gneiss  by  intermediate 
laminae  of  granite.  A  little  examination  is  however 
sufficient  to  show  the  real  nature  of  these  ;  the  new 
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rock  which  forms  the  cementing  substance,  consisting 
of  fragments  of  the  original  ones  united  by  infil- 
trations of  quartz. 

In  terminating  this  description  of  the  appearances 
which  attend  the  fractures  and  shifts  of  strata,  it  is 
proper  to  inquire  respecting  the  truth  of  a  remark 
which  has  been  made  by  philosophers  of  high  reputa- 
tion, namely,  that  they  are  more  frequent  among  the 
primary  than  the  secondary  rocks.  I  believe  it  will 
appear,  on  an  unbiassed  investigation,  that  this  is  not 
the  fact ;  neither  is  its  existence  necessary  for  the 
support  of  the  arguments  in  aid  of  vyhich  it  appears 
to  have  been  brought  forward.  Contortions  and 
flexures,  it  may  be  admitted,  are  most  frequent  and 
extensive  among  the  most  antient  rocks  ;  but  as- 
suredly none  of  these  can  be  said  to  exhibit  the 
derangements  under  consideration,  in  a  degree  supe- 
rior to  some  of  the  latest  deposits,  to  the  coal  strata, 
for  example.  But  this  distinction  is  in  itself  curious, 
and  even  perhaps  more  valuable  in  argument  than 
the  imaginary  statement  here  contradicted ;  as  it 
proves,  that  although  both  kinds  bear  marks  of  dis- 
placement and  force,  they  have  yielded  to  it  according 
to  important  differences,  either  in  their  original  con- 
stitution, or  in  the  accompanying  circumstances. 

The  proofs  of  elevation  of  the  strata  given  at  the 
commencement  of  this  chapter,  are  sufficient  to  ac- 
count for  the  occurrence  of  fractures  and  shifts ;  and 
whatever  causes  may  be  assigned  for  the  one,  they  are, 
with  certain  modifications,  applicable  to  the  other.  It 
remains,  however,  to  consider  what  further  arguments 
these  phenomena  afford  towards  the  existence  of 
motion  among  the  strata. 

The  bare  circumstance  of  a  separation  existing 
between  the  ends  of  two  sets  of  strata,  in  the  order 
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and  nature  of  which  the  most  accurate  correspondence 
can  still  be  traced,  are  proofs  of  motion  that  cannot 
be  mistaken.  It  would  be  intruding  upon  the  reader's 
patience  to  dwell  on  the  further  important  proofs  that 
are  seen,  in  the  great  change  of  inclination  between 
the  separated  parts,  which  sometimes  occurs  in  these 
cases.  But  it  is  essential  to  notice  the  effects  often 
produced  at  the  places  of  fracture ;  which  consist  in 
the  comminution  and  separation  of  those  fragments 
that  have  afterwards  constituted  the  veins,  or  which, 
at  least,  enter  into  their  composition.  Thus,  the 
conglomerate  veins  noticed  in  a  former  chapter,  are 
evidences  of  the  force  which  has  attended  the  separa- 
tion of  the  strata,  from  the  fragments  of  which  they 
are  chiefly  formed. 

Of  the  Causes  of  the  Displacements  of  Strata. 

Having  already  adduced  all  the  arguments  neces- 
sary for  proving  that  the  elevated  strata  have  under- 
gone changes  of  position,  it  is  proper  to  examine  those 
cases  where,  not  only  the  fact  of  displacement  is  seen, 
but  where  its  immediate  causes,  or  perhaps  more 
strictly,  concomitants,  are  present.  These  are  to  be 
found  in  the  appearances  which  take  place  at  the 
junction  of  Granite  and  the  Trap  rocks  with  the  strata, 
the  minuter  circumstances  of  which  are  particularly 
described  in  their  more  proper  places,  (chapters  xxiv. 
and  xxxix.)  In  these,  we  can  trace  examples,  not 
only  of  every  modification  of  elevation,  fracture,  and 
slide  which  has  been  described,  but  the  phenomena  of 
curvature  also  that  are  considered  in  the  succeeding 
chapter.  The  more  immediate  causes  of  the  disloca- 
tions are  here  obvious  ;  as  they  consist  in  the  intrusion 
of  masses  of  matter,  which  every  accompanying  cir- 
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cutnstance  proves  to  have  been  introduced  in  a  fluid 
state.  Thus  we,  at  any  rate,  establish  one  evident  im- 
mediate cause  for  the  displacement  of  rocks,  and  may 
with  equal  security  conclude,  that  the  remote  one  lies 
in  the  power  of  heat.  Could  there  be  any  doubt 
respecting  the  existence  of  this  power,  and  of  its  effi- 
cacy in  producing  the  effect  of  elevating  the  strata, 
the  state  of  the  Coral  islands  of  the  Pacific  Ocean, 
which  is  fully  detailed  in  a  subsequent  place,  (chapter 
xvii.)  would  put  it  beyond  dispute.  In  these,  the 
elevation  of  masses  of  coral  by  the  agency  of  volcanoes, 
is  proved  in  a  manner  that  cannot  for  a  moment  be 
questioned. 

It  remains  next  to  inquire  into  the  causes  of  the 
elevations  or  dislocations  of  strata,  in  those  cases 
where  no  immediate  evidence  of  force  is  present ;  and 
to  see,  lastly,  whether  any  train  of  analogy  can  be 
established  throughout  this  chain  of  facts,  capable  of 
leading  us  a  little  further,  namely,  to  the  general 
causes  of  dislocation  and  elevation  ;  a  question  form- 
ing one  of  the  most  important  of  those  which  are 
included  in  a  theory  of  the  earth. 

Although,  in  many  instances,  neither  the  presence 
of  trap  nor  granite  can  be  traced  in  the  vicinity  of 
elevated  and  displaced  strata,  it  does  not  thence  follow 
that  they  are  not  present.  It  is  well  known  that  trap 
rocks  have  entirely  disappeared  from  the  surface  in 
many  places;  leaving,  as  indications  of  their  former 
presence,  scattered  masses,  deep  collections  of  basaltic 
soil,  or  veins.  Of  these  facts,  Scotland  aifords  in- 
numerable examples  which  cannot  be  misconceived. 
Here,  it  is  plain,  we  might  attribute  the  displacements 
of  strata  which  occur  in  such  situations,  to  unknown 
or  hypothetical  causes,  when  they  are  in  fact  the  re- 
sult of  well-known  actions,  and  of  the  former  presence 
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of  substances  whose  power  we  have  in  other  cases 
witnessed.  It  is  equally  certain  that  the  veins  of  trap 
are  connected  with  deep-seated  masses  of  the  same 
substances;  and  it  is  easy  to  conceive  that  these  may, 
not  only  be  themselves  invisible,  but  that  even  their 
ordinary  indications,  through  ramifying  veins  attaining 
the  surface,  may  not  be  present,  or  are,  from  cicumstan- 
ces,  not  to  be  discovered..  Thus  strata  may  have  been 
elevated  by  subjacent  yet  invisible  masses  of  the  trap 
rocks. 

The  same  reasoning  applies  in  a  still  stronger 
degree  to  granite,  which,  from  the  very  nature  of  its 
position  with  respect  to  all  the  strata,  is  often,  not 
only  present,  but  even  near  at  hand,  when  it  is  invisi- 
ble. Of  this,  we  see  examples  every  day  in  granitic 
countries;  where  natural  sections  sometimes  detect 
the  presence  below  the  surface,  of  masses  of  granite 
which  do  not  reach  it;  or  when  the  presence  of  con- 
tinuous massess  of  this  rock  beneath,  is  indicated  by 
veins  or  by  detached  portions. 

Now  in  examining  the  junctions  of  the  strata  with 
granite,  it  is  found,  as  elsewhere  more  fully  detailed, 
that  these  are  of  a  very  irregular  nature.  Not  only 
are  they  such  as  to  prove  that  the  strata  have  not 
been  deposited  on  the  granite  in  regular  succession, 
but  the  marks  of  fractures  and  dislocation  which  they 
present,  prove  that  the  granitic  rocks  have  been  pro- 
truded beneath  them  and  have  formed  the  immediately 
acting  force.  Thus  it  may  be  argued,  that  in  many 
instances  where  granite  cannot  be  traced,  or  where 
we  have  not  even  any  indications  that  should  justify 
us  in  believing  it  present,  it  may  still  be  the  cause  of 
the  appearances  under  review. 

Thus  far  the  chain  of  argument  appears  unbroken, 
but  here  it  terminates.  It  is  unnecessary  to  pursue 
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it  with  the  same  minuteness  through  its  more  hypothe- 
tical progress.  The  strata  present  marks  of  elevation 
and  dislocation;  it  is  shown  that  these  appearances 
are  visibly  produced  hy  the  intrusion  of  unstratified 
rocks;  it  is  inferred  that  they  may  he  produced  hy 
the  same  causes  in  places  where  the  agents  are  invi- 
sible. It  is  easy  for  the  reader  to  complete  this  pro- 
cess; or,  if  he  is  dissatisfied  with  the  consequences 
that  would  arise  from  thus  pursuing  it,  to  withhold 
his  further  assent.  It  is  incumbent  on  an  author  to 
place  the  premises  on  which  a  theory  may  be  esta- 
blished, in  as  clear  a  view  and  on  as  firm  a  foundation  as 
his  capacity  and  knowledge  permit ;  but  it  is  not  neces- 
sary that  he  should  insist  on  that  assent  which  he 
may  himself  have  given,  as  long  as  one  step  of  the 
process  remains  imperfect  or  one  solid  objection  can 
be  urged. 

In  terminating  tbis  chapter,  it  is  yet  necessary  to 
say,  that  some  geologists  have  suggested  the  subsi- 
dence of  the  strata  into  subterraneous  caverns  as 
causes  of  their  elevation  and  dislocation.  After  all 
that  has  been  urged  against  the  power  of  such  acci- 
dents to  produce  the  effects  of  this  nature  that  are 
visible,  I  know  not  that  there  is  more  than  one  variety 
which  it  is  really  incapable  of  explaining.  The  force 
of  the  gravity  of  such  masses  may  be  conceived  equal 
to  any  forces  of  protrusion  and  expansion  that  can  be 
assigned  ;  while,  excepting  that  just  alluded  to,  there  is 
no  modification  of  the  supposed  direction  of  the  pro- 
truding force,  nor  any  combination  of  these,  which 
may  not  be  as  adequately  represented  by  the  reverse 
powers  of  gravitation.  This  is  the  case  in  which 
masses  of  strata,  often  involving  large  tracts  of 
country,  are  moved  horizontally  ;  a  circumstance  of 
frequent  occurrence,  and  clearly  proved  by  the  intru- 
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sion  of  vertical  veins.  In  Cornwall,  where  so  many 
veins  are  either  vertical,  or  elevated  at  high  angles, 
this  effect  must  have  taken  place  in  a  very  extensive 
manner :  but  the  most  palpable  instance  on  record  is 
that  described  as  being  found  in  Sky,  in  the  account 
of  the  Western  Isles.  At  this  place,  the  vertical  veins 
of  trap  are  so  numerous,  as,  in  some  places,  to  equal 
in  breadth  one  fourth  of  the  including  strata:  through- 
out the  whole  tract,  they  may  be  conjectured,  without 
any  error  that  can  affect  this  conclusion,  to  amount  to 
one  twentieth.  It  is  plain  therefore,  that  the  mass  of 
strata  must  have  been  laterally  extended  by  so  much ; 
and  it  is  evident  that  this  cannot  be  explained  by  any 
modification  of  subsidence,  as  the  sides  of  the  veins 
are  parallel. 

Till  indeed  some  evidence  is  produced  of  the  ex- 
istence, or  at  least  the  probability,  of  such  a  cavernous 
structure  in  the  earth,  we  might,  as  we  have  been 
desired  to  do,  fairly  withhold  our  assent  from  an  hy- 
pothesis which  gives  us  no  additional  advantages; 
which  does  not  explain  the  appearances  in  an  easier 
manner,  and  which  possesses  the  further  defect  of 
being  unconnected  with  any  of  the  analogies  or  phe- 
nomena by  which  the  theory  of  subterraneous  eleva- 
tion is  supported.  Yet  I  trust  hereafter  to  show 
(Chap,  xxi.)  that  there  are  appearances  among  the 
strata  that  cannot  be  explained  in  any  other  manner; 
and  if  the  proofs  then  to  be  offered  are  admitted,  it  will 
be  established,  not  only  that  there  actually  exists,  or 
has  existed,  a  cavernous  structure  of  the  earth,  adapted 
to  the  production  of  displacements  by  subsidence,  but 
that  most  important  changes  of  that  nature  have  been 
produced  in  this  very  manner. 


ill 


CHAP.  IX. 

On  the  Flexures  and  Contortions  of  Rocks. 

As  THE  fractures  and  dislocations  of  strata  give  rise 
to  important  deductions  with  regard  to  the  changes 
which  have  taken  place  in  the  superficial  portions  of 
the  earth  since  their  deposition,  so,  hy  their  flexures 
and  contortions,  we  are  led  to  form  interesting  con- 
clusions respecting  the  original  condition  of  these 
deposits,  or  the  changes  which  they  may  have  expe- 
rienced after  their  formation. 

Instances  of  the  contortion  and  flexure  of  strata 
have  been  observed  in  every  part  of  the  world,  and 
they  will  be  found  recorded  in  the  writings  of  nume- 
rous authors  ;  of  those  who  have  had  a  theory  to 
support,  and  of  those  who  profess  to  be  alike  indif- 
ferent to  all.  I  have  without  scruple  associated  toge- 
ther both  these  modifications  of  curvature  ;  not  how- 
ever without  being  aware  that  some  writers  have  made 
distinctions,  and  have  deduced  separate  arguments  for 
their  particular  purposes,  from  each.  It  appears  to 
me  that  some  of  these  have  been  warped  by  the  par- 
ticular bias  of  the  writers  ;  but  such  distinctions  as 
seem  to  be  essential,  or  to  involve  interesting  cir- 
cumstances, will  be  pointed  out  wherever  it  is  thought 
necessary. 

Of  Flexures. 

The  simplest  species  of  flexure  is  that  which  re- 
sembles the  marks  left  by  the  retiring  sea  on  sandy 
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shores.  It  is  so  common  that  it  would  he  superfluous 
to  quote  examples  ;  hut  it  is  interesting  to  point  out 
the  kinds  of  rock  in  which  it  has  been  observed.  It 
is  so  frequent  in  the  secondary  sandstones,  that  it 
must  have  fallen  under  the  notice  of  every  one  ;  and 
it  is  often  also  found  in  the  shales  and  limestones 
which  belong  to  the  same  series  of  rocks.  The 
cause  appears  to  admit  of  no  doubt ;  as  we  are  al- 
ready sure,  from  the  presence  of  marine  shells  in 
the  secondary  strata,  that  they  have  been  deposited 
at  the  bottom  of  the  sea.  There  is  no  difficulty  in 
understanding  how  those  marks  should  remain  in  the 
strata  after  consolidation ;  as  it  will  be  found  that 
their  planes  are  separated,  exactly  as  those  of  the 
level  strata  are,  by  changes  in  the  quality  of  the  ma- 
terials, or  by  the  interposition  of  another  substance  ; 
just  as  the  loose  quartz  sand  on  the  shores  suffers 
mica  or  fine  clay  to  be  deposited  on  its  surface. 

The  very  minute  undulations  which  are  sometimes 
found  in  the  argillaceous  schists,  differ  from  these 
exceedingly,  as  well  in  their  size  as  in  their  regula- 
rity ;  and  if  they  have  not  arisen  from  the  same  cause, 
it  is  to  be  feared  that  we  are  not  very  competent  to 
explain  them.  To  say  that  they  are  modifications  of 
the  concretionary  structure,  may  perhaps  be  to  ap- 
proach the  truth ;  since  we  know  of  many  appear- 
ances far  more  extraordinary  than  this,  which  will 
admit  of  no  other  explanation  ;  imperfect  as  that  is, 
from  our  total  want  of  acquaintance  with  the  true 
nature  of  this  mysterious  process. 

The  species  of  curvature  next  to  be  considered,  is 
of  a  very  different  nature,  and  opens  a  much  wider 
and  more  important  field  of  inquiry.  This  sometimes 
occurs  on  so  large  a  scale  as  to  involve  whole  districts, 
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being  productive  of  correspondent  undulations  in  the 
surface  of  the  land.  It  is  scarcely  necessary  to  say 
that  it  varies,  as  well  in  the  degree  as  in  the  dispo- 
sition ;  the  curvatures  differing  exceedingly  in  their 
length  of  radius,  and  being  either  limited  to  one,  or 
repeated  in  successive  undulations,  so  as  to  present 
points  of  contrary  flexure.  Curvatures  of  this  exten- 
sive nature  are  also  found  to  involve  a  whole  series  of 
strata ;  extending  to  depths,  of  which  the  limits  have 
not  been  ascertained.  The  Coal  deposits  of  Ireland 
present  conspicuous  examples  of  this  nature ;  but  the 
most  splendid  and  satisfactory  instance  in  Britain,  is 
found  in  the  natural  and  deep  section  that  separates 
the  islands  of  Jura  and  Scarba.  The  whole  series  of 
repeated  strata,  consisting  of  quartz  rock,  micaceous 
schist,  and  argillaceous  schist,  is  here  laid  bare  in 
cliffs  of  many  hundred  feet  in  height,  and  may  be 
examined  with  ease  by  those  who  may  choose  to  en- 
counter the  dangers  of  the  famed  Cory  vrechan. 

It  does  not  often  happen  on  this  very  large  scale, 
that  the  curvatures  of  the  strata  are  so  considerable  as 
to  become  coincident  with  those  of  lengthened  el- 
lipses, or  that  the  opposite  sides  about  the  points  of 
flexure  approach  towards  a  parallel  position.  Exam- 
ples of  this  nature  have  however  been  observed  ;  and 
the  consequences  are  sometimes  such  as  to  give  rise 
to  important  errors  respecting  the  alternations  and 
relative  positions  of  certain  strata.  As  the  superficial 
rocks  of  a  tract  of  country  are  often  removed  by  the 
consequences  of  that  process  which  has  been  called 
denudation,  it  is  easy  to  understand  how,  in  such 
a  case  of  successive  acute  undulations,  all  the  points 
of  flexure  at  the  surface  may  have  disappeared ; 
leaving  the  appearance  of  a  succession  of  strata  more 
or  less  irregularly  inclined  to  each  other,  or  even,  it 

VOL.  i.  I 


114  ON    THE    FLEXURES    AND 

is  possible,  absolutely  parallel.  It  is  evident  that,  in 
such  a  case,  a  very  simple  series  would  appear  to  be 
very  complicated,  and  this,  in  proportion  to  the 
number  of  such  undulations.  It  is  further  easy  to 
see,  that  if  this  undulation  were  vertical,  or  disposed 
towards  the  horizon  in  such  a  manner  that  the  paral- 
lel portions  should  show  a  horizontal  tendency,  a 
given  bed,  which  was  .truly  the  uppermost  of  the 
series,  might  appear  at  one  curvature  to  be  the  lowest, 
or  even  to  alternate  with  the  others  in  a  certain  order. 
It  is  easy  to  perceive  how  this  fact  affects  the  ques- 
tion, already  considered,  which  respects  the  positions 
and  alternations  of  strata. 

It  is  proper  however  to  remark  that  such  a  decep- 
tion can  only  arise  in  the  case  of  one  series,  where 
the  different  members  possess,  under  all  circumstances, 
a  conformable,  or  parallel  position.  It  is  impossible 
therefore,  as  some  careless  geologists  have  supposed, 
that  a  secondary  stratum  can  ever  appear,  from  this 
cause,  to  lie  beneath  a  primary  one;  because  the  un- 
dulations of  these  two  classes  are  not  coincident,  or 
conformable.  So  far  is  that  indeed  from  being  pos- 
sible, that  all  the  considerable  undulations  not  only 
belong  exclusively  to  the  primary  strata,  but  these, 
whatever  they  may  be,  were  chiefly  determined  long 
before  the  secondary  had  been  deposited  upon  them. 

The  extreme  curvatures  and  undulations  which 
have  thus  been  considered,  may,  it  is  evident,  generate 
fractures,  so  that  the  points  of  contrary  direction  may 
represent  only  the  mutual  meeting  of  two  correspond- 
ing series ;  a  case  which  has  been  considered  in  the 
preceding  chapter.  Such  fractures  must  be  considered 
as  the  necessary  consequence  of  a  force  urged  beyond 
the  power  of  flexibility  in  the  strata:  and  that  this  is 
the  fact,  is  proved  by  instances  where  a  stratum,  or  a 


CONTORTIONS    OF    ROCKS.  115 

series  of  strata,  which  is  only  bent  at  one  point,  is 
broken  in  another.  As  this  fact  is  of  importance  in 
reasoning  respecting  the  causes  of  curvature,  it  is  pro- 
per to  point  out  one  remarkable  instance  where  the 
fracture  and  flexure  are  found  co-existing  at  the  same 
point  of  curvature;  the  different  effects  arising  from 
the  different  nature  of  the  associated  rocks.  This 
example,  already  quoted  for  another  purpose,  may  be 
seen  in  Lunga,  where  argillaceous  schist  and  quartz 
rock  are  found  alternating.  Where  the  flexure  is  very 
acute,  the  quartz  rock  is  broken  while  the  schist  is 
only  bent ;  and,  in  some  extreme  cases,  fragments  of 
the  former  are  separated  and  entangled  among  the 
latter;  facts  speaking  a  language  that  cannot  be  mis- 
apprehended. 

It  seems  to  be  admitted  that  curvatures  on  the  large 
scale  may  take  place  in  more  than  one  direction,  so 
that  the  strata  shall  represent  spheroidal  crusts,  either 
concave  or  convex.  I  am  neither  able  however  to 
refer  to  any  well-marked  instances  of  this  nature,  nor 
axvare  that  they  involve  any  peculiarities  which  may 
not  easily  be  conceived. 

Curvatures  of  small  dimensions  are  generally  more 
intricate  and  violent  than  the  larger,  and  they  abound 
every  where.  It  will  also  be  found  that  they  are  far 
more  frequent  in  the  primary  and  most  antient,  than 
in  the  more  recent  strata;  and,  of  this  fact,  gneiss 
offers  some  of  the  most  remarkable  examples.  It 
must  also  be  observed,  that  the  parallelism  of  the  ap- 
proximate strata  is  not  so  well  preserved  in  these 
cases ;  the  curvatures  in  them  differing,  either  from 
the  originally  unequal  thickness  of  the  different  beds, 
or  because,  daring  the  period  of  softness  and  motion 
by  which  these  phenomena  are  here  explained,  some 
parts  have  undergone  a  greater  extension  than  the 
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others.  Fractures  are  also  a  frequent  occurrence  in 
these  cases;  and  the  union  of  these  two  appearances 
proves,  that  while  the  bent  stratum  was  flexible,  it 
still  possessed  a  rigidity  limiting  its  power  of  yielding, 
within  a  certain  range. 

Of  Contortions 

• 

Intricacy  of  flexure  naturally  leads  to  contortion ; 
a  term  properly  applicable  to  the  appearances  ob- 
served in  many  rocks,  and  very  conspicuously  in 
gneiss  and  in  micaceous  schist.  Like  the  more  vio- 
lent degrees  of  flexure,  these  contortions  have  never 
been  found  beyond  the  range  of  the  more  antient 
strata.  To  convey  any  idea  of  their  forms  and  va- 
rieties by  description,  would  be  impossible,  as  the  ima- 
gination can  scarcely  exceed  them.  It  is  not  correct 
to  say,  as  has  been  said,  that  these  contortions,  any 
more  than  ordinary  flexures,  are  limited  to  one  of  the 
opposing  lines  that  may  be  drawn  on  the  plane  of  a 
stratum ;  or  that  they  affect  the  vertical  and  not  the 
horizontal  direction,  as  has  been  equally  asserted.  A 
stratum  may  undulate  according  to  its  dip  or  its  di- 
rection; it  maybe  contorted  in  either  line,  or  in  both 
at  once.  Nor  is  the  imaginary  limitation  required; 
as  it  is  not  necessary  to  limit  the  nature  or  direction 
of  the  force  applied. 

It  is  here  essential  to  state,  that  while  the  greater 
flexures  are  very  extensive,  whether  as  they  regard 
the  space,  or  the  number  of  strata  affected,  the  smaller 
are  limited,  and  the  minuter  contortions  confined  to 
still  more  narrow  bounds.  It  is  possible,  for  example, 
in  the  case  of  the  smaller  flexures,  that  one  portion 
of  a  stratum  may  be  bent  while  the  other  is  straight; 
or  even  that  a  bent  or  undulated  stratum  may  alter- 
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nate  with  a  straight  one.  In  the  case  of  contortions, 
the  intricacy  of  curvature  is  often  limited,  even  to  a 
space  of  a  few  feet  or  inches;  or  else  contortions  of 
so  many  different  kinds  and  degrees  may  exist  in  one 
rock  of  no  great  dimensions,  that  it  is  difficult,  or 
impossible,  to  believe  that  any  force  which  can  be 
specified  should  have  produced  such  effects.  But 
these  difficulties  will  be  considered  hereafter. 

There  is  one  peculiar  circumstance  sometimes  at- 
tending the  minuter  contortions,  which  requires 
especial  notice;  because  it  has  given  rise  to  the  un- 
founded notion  that  the  rocks  which  are  commonly 
admitted  to  be  stratified,  also  existed  in  the  form  of 
veins.  It  can  only  happen  where  two  rocks  of  dif- 
ferent characters  approximate;  and  I  shall  here  select 
two  examples  from  different  cases,  because  they  will 
serve  to  explain  all  similar  appearances.  Full  details 
of  two  particular  instances  of  these  have  been  given 
in  the  account  of  the  Western  Islands  and  in  the 

•  A 

Geological  Transactions. 

At  the  points  of  flexure  in  an  alternation  of  quartz 
rock  and  argillaceous  schist,  or  of  any  two  rocks  dif- 
fering in  their  degrees  of  flexibility,  the  lamina  of  the 
soft  rock  is  sometimes  so  protracted  and  attenuated 
as  to  assume  the  form  of  a  vein  for  a  limited  distance : 
but  to  mistake  such  an  appearance  for  a  real  vein, 
requires  a  degree  of  incapacity,  inattention,  or  pre- 
judice, which  can  fall  to  the  lot  of  few.  Similar  ef- 
fects, but  from  a  different  cause,  are  observed  where 
trap  rocks  invade  and  disturb  the  regularity  of  schis- 
tose or  arenaceous  strata.  Minute  portions  of  laminae 
become  compressed  by  the  invading  rock:  in  the  case 
occurring  at  Rinnoul  hill,  they  are  not  only  extenuated 
till  they  vanish,  but  they  even  ramify.  Yet  no  error 
need  arise,  even  in  such  a  case  as  this;  since  the 
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observer   may     trace   these    deceptive    prolongations 
to  the  stratum  to  which  they  belong. 

There  are  instances  in  which  the  contortions  of 
rocks  are  not  at  first  obvious  to  inspection,  although 
they  admit  of  being  discovered.  This  sometimes 
happens  in  the  case  of  the  schists,  which  show  signs 
of  it  only  after  they  have  been  exposed  to  the  action 
of  heat;  if  these  are  notj-ather  examples  of  the  con- 
cretionary structure.  In  other  cases,  where  contortion 
and  a  concretionary  structure  are  co-existent,  the 
former  may  be  concealed  by  the  latter ;  or,  while  the 
indications  of  concretionary  structure  are  marked  in 
the  divisibility  of  the  rock,  those  of  the  contortion  are 
pointed  out  only  by  variety  of  colour.  A  mass  of  soft 
schist  in  the  Dock-yard  at  Plymouth,  offers  an  acces- 
sible example  of  this  fact;  the  contortions  being 
indicated  by  an  alternation  of  different  colours  at 
angles  to  the  schistose  structure. 

Although  the  most  important  and  remarkable  cases 
of  contortion  are  found  in  the  strata,  the  unstratified 
rocks  are  not  exempt  from  them,  and  they  require  to 
be  noticed  among  the  others.  From  the  very  nature 
of  these  rocks,  it  is  evident  that  they  cannot  be  easily 
seen  ;  nor  indeed  are  they  to  be  discovered  except 
from  the  consequences  of  decomposition.  They  are 
limited  to  pitch  stone  and  to  some  members  of  the  trap 
family.  In  the  former,  they  are  discovered  by  dif- 
ferences of  colour  on  the  surface,  resulting  from  the 
action  of  the  air  ;  and,  in  the  latter,  they  are  commonly 
rendered  evident  only  by  a  further  advance  towards 
decomposition.  They  will  require  no  other  observa- 
tions here ;  as  they  are  noticed  in  treating  of  these 
rocks,  and  as  their  causes  are  entirely  distinct  from 
those  which  have  produced  the  corresponding-  effects 
that  are  found  in  the  strata. 
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The  last  species  of  contortion  calling  for  remark,  is 
that  found  in  rock  veins,  and  it  presents  difficulties 
peculiar  to  itself;  at  present,  apparently  unsurmount- 
able.  Micaceous  and  argillaceous  schists  are,  as  is 
well  known,  very  commonly  traversed  by  veins,  often 
numerous,  and  generally  slender.  In  the  former  rock, 
they  invariably,  I  believe,  consist  of  quartz ;  and,  in 
the  latter,  sometimes  of  this  mineral,  and,  at  others,  of 
calcareous  spar.  When  the  rocks  that  contain  them 
are  contorted,  the  veins  are  at  the  same  time  bent  ; 
following  their  sinuosities,  however  intricate,  without 
any  fracture  or  breach  of  continuity.  However  in- 
flexible these  minerals  may  appear,  it  is  plain  that  they 
must,  in  these  cases,  have  undergone  flexion.  It  is 
impossible,  either  that  open  fissures  occupying  these 
intricate  directions  could  have  been  formed  in  the  rock 
after  it  was  bent,  or  that,  if  previously  existing  and 
empty,  they  could  have  been  so  bent  without  being 
obliterated ;  waiting  to  be  filled,  at  a  future  time,  by 
means  of  those  infiltrations  of  carbonat  of  lime  or 
silica  which  produce  them.  A  case  even  more  diffi- 
cult sometimes  occurs  in  gneiss  ;  where  veins  of  quartz 
are  found  most  intricately  contorted,  although  the  laminae 
of  the  including  rock  show  no  corresponding  indica- 
tions of  flexure.  These  are  difficulties  which,  among 
a  thousand  others,  must  remain  for  future  explanation  ; 
and  how  far  the  solution  of  these  cases  may  modify 
any  of  our  theories,  it  is  impossible  at  present  to 
foresee. 

Of  the  'Rocks  subject  to  Flexures  and  Contortions. 

It  was  already  observed,  that  contortions  were  chiefly 
abundant  and  conspicuous  among;  the  more  antient 
strata;  and,  of  these,  they  are  exceedingly  common 
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and  remarkable  in  gneiss,  as  well  as  in  the  hornblende 
schist  by  which  it  is  often  acompanied.  Bythe  alternation 
of  these  rocks,  which  are  generally  so  strongly  marked 
by  their  differences  of  colour,  they  are  indeed  often 
rendered  visible  at  a  distance  where  they  would  other- 
wise escape  notice.  They  abound  also  in  micaceous 
schist,  where  they  offer  examples  of  intricacy  far  more 
minute  than  even  in  gneiss.  The  flexures  of  quartz 
rock  are,  on  the  contrary,  either  on  so  large  a  scale  as 
to  be  insensible,  except  in  a  considerable  space,  or, 
when  they  occur  on  a  scale  somewhat  smaller,  the 
appearances  are  exceedingly  partial.  Through  the 
whole  of  a  most  extensive  examination  of  the  quartz 
rock  of  Scotland,  I  have  found  but  two  examples  of 
this  kind,  and  even  those  were  barely  sensible  in  an 
extent  of  a  few  inches.  The  value  of  this  fact  will 
hereafter  be  apparent ;  although  it  appears  in  some 
measure  at  variance  with  those  already  stated  respect- 
ing the  tortuous  nature  of  quartz  veins. 

It  may  perhaps  be  con  sidered  remarkable,  th  at  although 
argillaceous  schist  is  subject  to  flexures,  it  rarely,  if 
ever,  exhibits  those  intricate  contortions  found  in 
micaceous  schist  or  gneiss.  Yet,  in  primary  lime- 
stone,^ the  curvatures  are  often  as  great  as  they  are  in 
the  last  of  these  rocks ;  though  never  exhibiting  that 
extremely  tortuous  character  so  often  found  in  mica- 
ceous schist. 

With  respect  to  the  whole  of  the  later,  or  secondary 
strata,  consisting  of  limestone,  shale,  and  sandstone, 
the  same  general  remark  will  suffice.  They  are  all 
subject  to  curvatures ;  but  in  no  case  have  these  been 
observed  to  be  sudden  or  considerable,  much  less, 
intricate. 

Before  proceeding  to  inquire  respecting  the  cause 
of  these  appearances,  it  remains  to  see  whether  any  ol 
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the  facts  that  relate  to  their  situation  or  connexions^ 
are  likely  to  bear  on  this  question. 

It  may  be  remarked  in  the  first  place,  that  the  chief 
curvatures  take  place  in  the  most  antient  strata;  and, 
in  these,  it  is  observed  that  their  positions  are  not 
those  which  they  must  have  originally  possessed,  if, 
as  is  supposed,  they  have  been  deposited  at  first  from 
water.  Yet  we  must  be  cautious  not  to  make  a  rule 
from  this  observation  ;  as  has  been  done  for  the  sup- 
port of  a  theory,  by  writers  who  ought  to  have  been 
well  aware  of  the  injury  done  to  a  cause  by  an  inap- 
plicable argument.  The  secondary  strata  are  some- 
times elevated  to  the  vertical  angle  without  curvature. 

It  is  next  well  known,  that  curvatures  of  the  strata, 
and  even  considerable  contortions,  occur  in  the  vicinity 
of  trap  and  granite;  while  the  phenomena  by  which 
they  are  attended,  prove  that  the  derangement  of  the 
one  corresponds  to  the  position  of  the  other.  What- 
ever value  may  attach  to  this  well  known-fact,  in  the 
following  arguments,  it  must  at  the  same  time  be 
added,  that  innumerable  instances  of  curvature  occur, 
where  the  presence  of  these  intruding  rocks  cannot  be 
discovered. 

Of  the  Causes  of  Flexures  and  Contortions. 

It  remains  now  to  inquire  into  the  causes  of  these 
phenomena,  which,  it  must  be  very  apparent,  are  of 
high  importance  in  every  investigation  that  has  for  its 
object  a  legitimate  theory  of  the  earth. 

In  the  first  place,  it  is  proper  to  ascertain  whether 
the  strata  may  not  originally  have  possessed  this  form, 
whatever  theory  may  be  received  respecting  their 
origin.  It  may  be  admitted  without  much  hesitation, 
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that  many  cases  of  moderate  curvature  may  have  arisen 
from  the  form  of  the  basis  on  which  these  strata  were 
deposited;  as  it  is  not  absolutely  necessary  that  their 
materials  should  have  subsided  on  a  horizontal  plane. 
But  it  must  be  apparent  that  this  offers  but  a  very 
limited  resource  towards  the  explanation  of  the  phe- 
nomena of  curvature. 

They  who  have  chosen  to  imagine  that  strata  have 
been  formed  by  crystallization,  and  not  by  deposition, 
have  also  asserted  that  all  the  appearances  in  question 
were  results  of  that  process ;  supporting  the  weakness 
of  their  arguments,  if  not  founding  their  opinions,  on 
a  casual  expression  of  Saussure,  which  his  better  sense 
and  more  extensive  knowledge  would  probably  not 
have  maintained  for  an  instant,  had  the  question 
become  a  matter  of  real  discussion.  The  laws  of 
crystallization  are  far  too  definite  to  admit  of  so  lax 
an  application  of  the  term.  By  these  laws,  the  simple 
atoms,  or  compound  molecules  of  bodies,  are  arranged 
under  certain  geometrical  forms,  from  which  they 
vary  only  according  to  geometrical  rules.  Chemistry 
knows  nothing  of  a  crystallization  proceeding  in  de- 
fiance of  these;  arranging  mixed,  not  compounded 
bodies,  and  disposing  of  strata,  supercompounded  in 
every  possible  manner,  over  miles  of  space,  in  every 
capricious  mode  of  disarrangement.  Philosophy  here 
recoils  to  destroy  the  ignorant  hand  that  attempts  to 
use  it.  It  may  perhaps  be  said  that  we  know  nothing 
of  crystallization  on  the  great  scale;  and  that,  in  phe- 
nomena of  this  extensive  nature,  it  may  have  operated 
by  other  laws  than  it  does  in  a  rhomb  of  calcareous 
spar.  This  is  to  disclaim  philosophy  altogether,  to 
make  and  unmake  laws  at  our  pleasure.  But,  for- 
tunately, it  may  be  proved  that  this  assumption  is  in- 
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consistent  with  fact;  and  that,  even  on  the  great  scale, 
the  laws  of  crystallization  are  consistent.  In  the 
island  of  Coll,  there  is  a  vein  of  graphic  granite  of 
great  dimensions ;  and,  throughout  the  whole  of  it, 
the  felspar,  however  interrupted  by  the  intermixture 
of  quartz,  preserves  a  common  polarity;  proving  that 
the  entire  mass  has  been  subject  to  the  simple  geo- 
metric rule  which  determines  the  form  of  the  funda- 
mental rhomb  of  felspar.  But  enough  of  this  gra- 
tuitous hypothesis. 

In  examining  the  probable  cause  of  flexures,  there 
are  two  points  to  be  considered,  namely,  the  capacity 
of  the  rock  to  admit  of  bending,  and  the  power  by 
which  this  effect  was  produced. 

The  present  rigidity  of  the  strata  obliges  us  to  seek 
for  facts  to  prove  that  they  have  not  always  been  in 
that  state,  and  I  shall  here  enumerate  those  which 
bear  on  that  question.  It  has  elsewhere  been  shown 
(Chap,  xii.)  that  water  is  contained,  in  perhaps  all 
rocks,  and,  in  many,  in  considerable  quantity;  being 
so  loosely  united,  at  the  same  time,  as  to  be  readily 
dissipated  on  exposure  to  the  air.  Thus  minerals, 
rigid  and  hard  as  glass  in  our  cabinets,  are  often 
flexible  and  soft  in  their  native  beds ;  a  case  which, 
in  my  own  experience,  occurs  in  asbestos,  sahlite,  tre- 
inolite,  and  chalcedony,  and  which  is  said  also  to  happen 
in  the  beryl.  It  is  not  unlikely  that  it  will  be  found 
far  more  common,  when  mineralogists  shall  themselves 
collect  their  specimens  from  nature,  and  not  from  the 
repositories  of  dealers.  It  is  not  unreasonable  to 
conclude  that  a  state  which  belongs  to  the  simple 
minerals,  may  also  belong  to  their  compounds.  It  is 
even  more  probable,  when  we  consider  that  the  union 
of  heterogeneous  parts  would  more  readily  admit  of 
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the  water  necessary  to  their  flexibility.  If  it  has  not  been 
oftener  observed  in  rocks,  it  is  because  we  have  rarely 
any  access  to  them  except  near  the  surface  where 
they  have  already  lost  their  water,  or  because  we  can 
not  procure  and  examine  them  within  the  time  ne- 
cessary to  prevent  that  change  from  taking  place. 
But  it  is,  in  fact,  known  that  many  are  not  only  soft, 
but  partially  flexible,  when  wet  or  first  procured  from 
the  quarry.  This  softness  indeed  occurs  in  so  many 
rocks,  that  it  is  almost  unnecessary  to  point  out  ex- 
amples of  it.  The  deep-seated  granite  veins  in  the 
quarries  of  Rubislaw  near  Aberdeen,  are  not  only 
flexible,  but  so  soft  as  to  receive  an  impression, 
becoming  hard  after  exposure  to  air.  The  well- 
known  limestone  of  Sunderland  is  flexible.  In  Sky,  I 
have  seen  a  sandstone  which  could  be  moulded  like 
dough  when  first  found:  and  there  is  a  sandstone 
from  China,  known  to  mineralogists,  which  may  be 
compressed  by  the  hand  when  immersed  in  water. 
There  is  no  difficulty  in  understanding  how  beds  of 
clay  may  have  been  bent  without  losing  their  laminar 
form;  and  if  shales  are  the  produce  of  these,  as 
cannot  be  doubted,  they  may  have  been  indurated  as 
well  after  curvature  as  before  it.  The  extent  and 
value  of  this  argument  needs  not  be  pursued;  nor 
needs  it  be  inquired  how  far  the  addition  of  heat,  if 
heat  has  in  these  cases  been  present,  might  facilitate 
the  flexion  of  strata  not  yet  indurated. 

Thus  it  is  probable  that  strata  formed  under  water 
may  have  once  been  flexible:  it  is  probable  that  many 
of  those  which  are  out  of  our  reach  are  still  capable  of 
admitting  curvatures:  and  it  is  probable  that  the  pre- 
sence of  water  alone  is  sufficient  to  fulfil  the  requisite 
conditions. 
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That  strata  may  be  bent  by  fire,  we  have  hourly 
evidence  in  the  phenomena  that  take  place  in  furnaces 
and  limekilns,  where  schistose  rocks  have  been  ex- 
posed to  heat.  In  the  vitrified  forts  of  Scotland,  the 
micaceous  schists  which  have  been  subjected,  appa- 
rently, to  the  long-continued  action  of  a  moderate  heat, 
and  to  the  various  pressure  of  the  surrounding  ma- 
terials, are  often  bent,  with  little  loss  of  their  natural 
characters,  so  as  scarcely  to  be  distinguished  from 
specimens  naturally  curved.  Let  the  access  of  oxygen 
he  denied,  that  the  iron  may  not  be  oxydated,  let 
sufficient  pressure  be  applied  to  prevent  the  disen- 
gagement of  the  gaseous  matters  which  sometimes 
inflate  the  stone,  and  it  is  probable  that  no  difference 
would  be  found  between  the  natural  and  artificial 
specimens.  Thus  then  we  have  a  practical  proof  that 
fire  is  adequate  to  the  production  of  flexibility  in  rocks, 
and  are  supplied  with  two  distinct  agents  capable  of 
answering  the  desired  conditions. 

It  is  next  necessary  to  inquire  what  facts  can  be 
produced  to  prove  that  the  strata,  the  flexibility  of 
which  has  thus  been  shown  to  exist,  or  to  have  exis- 
ted, have  been  bent  by  force. 

It  was  shown  that  where  quartz  rock  and  argilla- 
ceous schist  alternated,  the  former  was  broken  at  the 
points  where  the  latter  was  only  bent.  The  fracture 
here  proves  the  application  of  force,  of  that  power 
which  bent  the  flexible  stratum.  In  innumerable 
eases,  the  same  strata,  flexible  enough  to  yield  in  a 
limited  degree,  but  rigid  beyond  a  certain  point,  have 
submitted  to  the  moderate  curvature,  but  have  bro- 
ken where  they  could  bend  no  longer.  Facts  like 
these  can  leave  no  doubt  respecting  the  exertion  of  a 
force  producing  both  these  effects. 
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When  strata  are  disturbed  by  the  intrusion  of  trap 
or  granite,  or  by  the  passage  of  veins  of  those  rocks, 
they  sometimes  present  traces  of  fracture,  at  others 
of  flexure,  and,  not  unfrequently,  of  both  united. 
Here,  the  operation  of  force  is  equally  evident  as  in 
the  preceding  cases,  while  the  very  nature  of  that 
force  is  also  apparent.  The  cause  of  the  softening  of 
the  strata  is  here  also  probably  to  be  sought  in  that 
heat  to  which  the  very  origin  of  these  intruding 
rocks  must  be  attributed,  and  of  which  the  effects  are 
also  the  moving  powers  in  question.  The  case  from 
Lunga,  already  quoted,  is  of  this  nature.  The  north- 
east coast  of  Sky  presents  also  examples  of  the  same 
kind,  which  are  particularly  explicit  and  interesting ; 
as  well  from  their  number  as  from  their  variety  and 
distinctness.  In  the  clear  and  extensive  natural  sec- 
tions produced  by  these  lofty  cliffs,  the  original  and 
undisturbed  condition  of  the  level  strata,  consisting 
of  limestone,  shale,  and  sandstone,  is  in  many  places 
traced  with  the  same  ease  as  if  they  were  exhibited 
in  a  model.  The  intrusion  of  the  trap  is  equally 
visible  in  others ;  presenting  every  modification  of 
the  joint  disposition  of  these  different  classes  of  rock, 
that  has  yet  been  recorded  wherever  these  phenomena 
have  been  observed.  Here,  the  marks  of  force  ex- 
erted are  seen  under  numerous  shapes ;  and,  among 
others,  huge  fragments  and  portions  of  strata  are 
found,  not  merely  broken,  but  far  removed  from 
their  original  connexions,  and,  in  many  places,  in- 
curvated  to  a  considerable  degree.  These  occur- 
rences, not  only  therefore  prove  the  actual  existence 
of  moving  forces,  and  show  the  extent  and  nature  of 
their  power,  but,  at  the  same  time,  demonstrate  that 
the  heat  which  accompanied  the  intrusion  of  the  trap, 
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rendered  the  strata  flexible  enough  to  yield  to  the 
power  which  it  exerted. 

That  force  has  been  exerted  in  the  flexure  of  strata, 
is  further  rendered  probable  by  the  circumstance,  al- 
ready mentioned,  respecting  the  greater  frequency 
and  more  violent  nature  of  the  curvatures  that  occur 
in  the  more  antient  strata,  which,  from  causes  suffi- 
ciently apparent,  have  undergone  those  greater 
changes  of  position  that  mark  the  extent  and  magni- 
tude of  the  motions  which  have  been  impressed  on 
them.  Facts,  elsewhere  noticed,  respecting  the  com- 
position, nature,  and  origin  of  these  rocks,  seem  also 
to  justify  the  notion,  that  in  these  cases  also,  the 
flexibility  and  the  curvature  have  been,  both,  equally 
the  consequences  of  the  action  of  heat.  The  argu- 
ment, in  this  case,  rests  precisely  on  the  same  basis 
as  it  does  in  those  where  curvatures  of  the  adjoining 
strata  attend  the  intrusion  of  masses  or  veins  of  trap ; 
and,  in  both  cases,  the  force  exerted,  and  the  capacity 
to  suffer  from  it,  are  equally  the  effects  of  a  common 
cause.  It  is  here  of  course  concluded,  as  is  fully 
argued  and,  I  trust,  proved  elsewhere,  that  whatever 
is  received  respecting  the  nature  and  origin  of  the  trap 
rocks,  cannot  be  denied  to  those  of  granite. 

The  gneiss  which  forms  Cape  Rath,  elsewhere 
noticed,  is  traversed  by  innumerable  granite  veins  ; 
by  the  interference  of  which  the  beds  of  that  rock 
and  of  the  accompanying  hornblende  schist,  are  bro- 
ken into  fragments  and  entangled  among  a  mass  of 
veins  of  different  dates,  so  considerable  as  far  to  ex- 
ceed in  quantity  the  rocks  which  these  have  invaded. 
In  many  parts  of  this  compound  mass,  the  detached 
portions  of  the  hornblende  schist,  rendered  peculiarly 
visible  by  their  colour,  are  bent  in  various  ways  ;  pro- 
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senting  striking  examples  of  their  capacity  to  admit 
flexure,  and  indicating  in  a  way  that  cannot  be  dis- 
puted, any  more  than  in  the  analogous  cases  of  trap, 
the  nature  of  the  cause  which  effected,  both  the  cur- 
vature and  the  displacement. 

The  last  argument  which  I  need  offer  to  prove  that 
the  flexion  of  strata  has  been  the  result  of  force  im- 
pressed on  a  flexible  body,  and  not  a  consequence  of 
any  original  disposition  or  concretionary  structure,  is 
found  in  those  rocks  which,  like  micaceous  schist, 
present  a  certain  parallelism  in  the  position  of  one  or 
more  of  their  integrant  minerals. 

When  mica  occurs  in  flat  beds  of  gneiss  and  mica- 
ceous schist,  it  is  found  invariably  to  be  more  or  less 
accurately  parallel  to  the  planes  of  the  strata,  and, 
consequently,  to  itself.  There  are  two  ways  in  which 
this  appearance  may  be  explained ;  both  of  which 
form  objects  of  inquiry  in  another  part  of  this  work. 
The  mica  may  have  either  assumed  this  disposition 
from  mechanical  causes,  as  happens  in  the  later  sand- 
stones, and  even  in  the  loose  sand  of  sea  shores,  or 
that  position  may  be  the  result  of  a  common  polarity, 
as  is  evinced  in  the  parallelism  of  the  hypersthene  in 
some  varieties  of  hypersthene  rock,  or  in  that  of  the 
mica  in  certain  trap  veins  of  rare  occurrence.  Under 
either  supposition,  the  present  argument  is  equally 
valid,  so  that  its  consequences  cannot  be  evaded. 
Now  when  gneiss  or  micaceous  schist  is  contorted,  it 
is  observed  that  the  mica  is  no  longer  parallel  to 
itself  or  to  any  level  plane  that  may  be  assumed  in 
the  rock,  although  it  still  continues  to  be  parallel  to 
the  curvatures  of  the  beds.  Under  the  theory  of  de- 
position, it  could  not  have  assumed  the  various  and 
extraordinary  situations  it  often  presents ;  it  could 
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not,  for  example,  be  found  in  a  vertical  position.  If 
again  the  contorted  forms  of  these  rocks  are  con- 
ceived to  have  arisen,  as  well  as  the  straight,  from 
crystallization,  it  is  plain  that  the  law  of  polarity, 
which  is  in  one  case  preserved,  is  in  the  other  vio- 
lated. In  either  case,  the  curvature  of  the  strata 
from  actions  posterior  to  the  disposition  of  their  con- 
stituent minerals,  is  proved  by  evidence  that  admits 
neither  of  evasion  nor  dispute. 

It  now  remains  only  to  inquire  respecting  the 
nature  and  actions  of  the  forces  which  have  produced 
these  effects. 

The  evidences  of  change  of  place  in  the  strata  after 
deposition,  have  already  been  stated ;  and  it  has  been 
shown  from  the  phenomena  of  trap  rocks,  and  from 
other  appearances,  that  we  can  even  form  probable 
conjectures  respecting  the  nature  and  cause  of  some 
of  these  moving  powers.  On  these  subjects  there  is 
nothing  further  to  be  added  in  this  place. 

It  is  not  easy,  however,  always  to  specify  the 
manner  in  which  these  forces  have  acted  in  producing 
the  curvatures  of  strata.  In  some  cases,  it  may  be 
imagined  that  the  mere  force  of  gravity,  acting  on  a 
flexible  mass  unequally  supported,  may  have  been  a 
sufficient  cause ;  or,  that  under  the  same  circum- 
stances, strata  may  have  been  bent  by  the  action  of 
those  subterrene  expansive  forces  which  have  elevated 
the  coral  rocks  of  the  Pacific  high  above  the  level  of 
that  sea  in  which  they  were  produced.  But  the  cases 
of  highly  undulated  strata  with  alternate  points  of 
contrary  flexure,  appear  to  require  a  lateral  pressure 
exerted  on  highly  flexible  strata,  in  a  manner  of 
which  we  can  form  no  distinct  conception.  Still  less 
can  we  assign  the  precise  action  of  forces  capable  of 
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producing  complicated  contortions,  and  more  espe- 
cially in  those  cases  where  they  are  limited  to  one 
stratum  out  of  many,  or  to  one  part  of  a  mass  while 
the  other  appears  undisturbed.  Yet  amidst  the  innu- 
merable marks  of  discordant  and  repeated  changes 
exhibited  on  the  surface  of  the  earth,,  all  bespeaking 
the  frequent  renewals  of  disturbances,  acting  also 
perhaps  through  periods. of  time  of  which  we  can 
form  no  notion,  it  is  not  easy  to  imagine  any  change 
in  the  forms  of  flexible  strata  which  these  may  not 
have  produced.  This  is  not  the  only  case  in  geology 
in  which  we  must  be  content  to  admit  of  varying 
effects  from  a  varying  cause  ;  without  thinking  it 
necessary  to  reject  the  general  principle,  merely 
because  we  cannot  apply  it  to  every  minute  particular 
which  is  included  in  them. 
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CHAP.   X. 

On  the   Characters  and  Disposition  of  unstratified 
Rocks  and  Veins. 

THE  unstratified  rocks  are  far  less  numerous  than 
the  stratified,  and  they  have  all  been  comprised,  in 
the  present  arrangement,  under  two  general  heads. 
Granite  forms  one  of  these ;  and,  to  the  other,  the 
term  Trap  has  been  applied ;  with  some  latitude,  it 
must  be  owned,  but  to  avoid  the  necessity  of  invent- 
ing a  new  one.  Under  these  two  heads,  in  the  twenty- 
fourth  and  thirty-ninth  chapters,  and  in  the  Classifica- 
tion of  Rocks,  will  be  found  all  the  minuter  particulars 
which  it  was  not  necessary  to  introduce  into  this  very 
general  view. 

Of  the  Extent  and  Places  of  the  unstratified  Rocks. 

Though  the  unstratified  rocks  form  but  a  small 
part  of  those  which  are  visible  to  us,  there  is  reason  to 
imagine,  that  at  depths  to  which  we  have  not  pene- 
trated, they  occupy  a  much  greater  extent  than  would 
be  suspected  on  a  superficial  view.  Conjectures  have 
been  offered  respecting  the  proportion  of  space  which 
granite  fills  at  the  surface ;  but  no  measurement  has 
been  given ;  nor  has  any  thing  been  done  towards 
answering  this  question  as  it  relates  to  the  later  unstra- 
tified substances.  In  fact,  these  vary  so  much  in 
different  countries,  that  if  any  worthy  object  were  to 
be  gained  by  that  knowledge,  it  could  still  only  be 
done  after  the  whole  surface  of  the  globe  should  have 
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been  surveyed  and  reduced  to  a  geological  map.  It 
would  be  now  easy  to  solve  this  problem  as  far  as 
relates  to  Britain,  as  well  as  to  some  other  European 
districts ;  but  a  general  expression  of  the  extreme 
disproportion  between  the  stratified  and  unstratified 
rocks,  is  all  that  can  here  be  necessary.  In  Britain  it 
may  be  stated  that  the  whole  of  the  latter,  comprising 
alike  trap  and  granite,  do  not  cover  a  thousandth  part 
of  the  superficies  of  the  island.  If  we  examine  the 
flat  tracts  of  Russia  and  Poland,  and  of  other  similar 
countries,  thousands  of  square  miles  will  be  found  not 
containing  the  least  vestige  of  these  rocks. 

Although  the  unstratified  rocks  do  not  necessarily 
occupy  the  summits  of  a  country,  they  are  found  prin- 
cipally in  mountainous,  or  at  least  in  hilly  regions. 
In  the  tracts  of  an  uniform  low  level,  to  which  I  have 
just  alluded,  they  very  rarely  exist  at  all.  Thus  a 
connexion  is  traced  between  the  existence  of  these 
rocks  and  the  disposition  of  the  surface ;  a  connexion, 
it  is  true,  not  very  rigid,  but  sufficient,  when  com- 
bined with  many  other  circumstances  relating  to  thenr 
to  be  of  some  value  in  our  reasonings  respecting  their 
origin  and  consequences. 

It  is  a  familiar  observation,  that  granite  forms  the 
highest  peaks  and  ridges  of  the  most  elevated  moun- 
tains of  the  globe.  The  remark  is  however  more 
common  than  true :  it  is  certain  that  it  constitutes 
many  of  these,  but  there  are  numerous  mountains  in 
the  first  class  of  elevations,  that  are  formed  of  strati, 
fied  rocks  to  the  summits.  Even  where  granite  exists, 
it  often  forms  only  a  portion  of  the  highest  points ; 
the  sides,  even  at  very  great  elevations,  and  many  of 
the  ridges  and  peaks,  being  still  constructed  out  of  the 
superincumbent  strata.  In  a  certain  limited  sense,  it 
may  also  be  said,  that  Trap  forms  the  higher  summits 
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in  mountainous  and  hilly  regions ;  a  remark  very 
conspicuously  true  in  some  parts  of  the  enormous 
ridges  of  South  America.  But  granite  is  also  found, 
even  on  the  level  of  the  sea,  in  the  same  districts,  as 
are  the  different  members  of  the  trap  family.  The 
theory  which  will  hereafter  be  given  respecting  the 
origin  of  these  rocks,  will  be  found  to  agree  with  this 
mode  of  disposition. 

When  the  superficial  disposition  of  the  strata  shall 
hereafter  be  examined,  it  will  be  seen,  that  not  only  a 
series  of  them,  but  a  single  bed,  often  occupies  a  very 
considerable  and  continuous  extent  of  surface ;  and 
when,  from  the  occasional  superposition  of  other  beds, 
or  the  absence  of  portions  from  the  effects  of  waste, 
they  cannot  be  absolutely  traced,  still,  their  former 
extent,  or  even  their  present,  is  easily  inferred  by  the 
well-known  rules  of  geology,  namely,  the  comparison 
of  characters,  relative  position,  and  angles  of  inclina- 
tion. But  the  unstratified  rocks  are  rarely  found 
occupying  extensive  continuous  spaces  on  the  surface; 
being,  on  the  contrary,  interrupted  by  the  interven- 
tion of  portions  of  strata,  or  else  appearing  in  distinct, 
and  often  in  small  eminences  scattered  through  a 
district,  of  which  the  fundamental  part  is  stratified. 
The  minuteness  of  these  is  often  indeed  very  remark- 
able ;  since,  in  Scotland,  where  both  these  classes  of 
rocks  abound,  it  is  not  unusual  to  find  a  portion  of 
granite,  of  a  very  few  yards  in  diameter,  separated  by 
many  miles  from  any  other  of  the  same  rock ;  while 
the  same  is  frequently  observed  with  respect  to 
trap. 

The  cause,  in  these  two  cases,  is,  however,  dif- 
ferent in  its  nature.  By  examining  sections  and 
tracing  the  condition  of  the  insulated  masses  of  granite 
and  of  the  conterminous  strata,  it  is  discovered  that  this 
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rock  exists  in  a  continuous  state  beneath,  and  that  its 
apparent  insulation  is  the  result  of  the  absence  of  the 
superincumbent  strata  at  those  particular  points.  In 
the  case  of  trap,  on  the  contrary,  where  there  are  not 
reasons  for  supposing  that  the  deposits  have  been 
partial,  it  is  often  easy  to  discover  that  their  insulation 
arises  from  their  own  waste ;  the  thinner  or  feebler 
connecting  portions  having  been  destroyed  while  the 
others  have  remained. 

It  is  easily  inferred  from  the  above  remarks,  that, 
of  the  unstratified  rocks,  one  set  is  inferior  to  all  the 
strata,  and  another  superior  to  them.  But  with  re- 
spect to  trap,  at  least,  this  is  not  exclusively  true: 
whether  it  be  the  case  with  granite,  is  a  question  that 
will  be  better  discussed  in  another  place.  The  rocks 
of  that  division  are  found  beneath  the  strata,  as  well 
as  above  them,  in  masses  so  large  and  so  irregular 
that  they  cannot  be  ranked  among  veins,  otherwise 
than  as  every  finite  mass  included  among  stratified 
rocks  may  claim  to  be  considered  as  such.  If  a  mass 
of  trap,  indefinite  downwards,  should  be  found  be- 
neath the  strata,  then,  by  the  postulate  on  which  the 
distinction  adopted  in  this  work  is  founded,  it  becomes 
granite.  That  question  being  connected  with  the 
one  which  relates  to  the  possible  superincumbent  po- 
sition of  granite,  will  be  considered  in  a  more  proper 
place.  (Chap,  xxtv.) 

The  forms  of  all  the  unstratified  rocks  are  irregular, 
and,  in  the  majority  of  instances,  totally  dissimilar 
from  those  of  strata.  It  is  owing  to  this  absence  of 
the  stratified  form  and  disposition,  that  we  are  unable 
to  infer  the  continuity  of  the  rocks  under  review, 
when  that  is  not  actually  visible.  It  may  be  supposed, 
it  is  true,  that  if  granite  exists  beneath  all  the  strata, 
so  as  to  form  their  immediate  foundation.,  every  mass 
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is  really  continuous  ;  however  deep  that  connexion 
may  be  situated.  But,  with  respect  to  trap,  no  such 
inference  can  be  made.  Separate  portions  may  ori- 
ginally have  been  separate  deposits ;  as  similarity  of 
character  is  insufficient  to  establish  their  original 
identity,  and  as  they  do  not  admit  of  being  compared 
by  positions  or  inclinations ;  tests  which,  from  their 
origin  and  forms,  are  inapplicable  to  them. 

Of  the  Antiquity  of  the  umtratified  Rocks. 

The  relative  antiquity  of  the  members  in  any  con- 
tinuous series  of  strata,  is  readily  known  from  their 
order  of  succession.  In  these,  geology  even  teaches 
us  to  distinguish  certain  revolutions,  marking  very 
different  and  distinct  periods  or  portions  of  time 
during  which  they  were  formed.  But  we  have  no 
similar  criterion  by  which  to  judge  of  the  relative  an- 
tiquity of  unstratified  rocks  that  occur  together; 
though  possessing  one,  sometimes,  when  a  vein  from 
one  traverses  the  mass  of  another ;  while,  in  our 
judgments  respecting  the  relative  antiquity  of  any  of 
them  to  the  stratified,  we  must  be  guided  by  rules 
which  can  only  determine  that  question  within  certain 
limits. 

With  regard  to  granite,  it  would  be  imagined,  on  a 
superficial  view,  as  it  actually  has  been  maintained,  that 
because  it  is  the  lowest  it  is  therefore  the  most  antient 
rock.  This  is  an  error  arising,  partly  from  unduly 
extending  the  law  of  succession  as  it  relates  to  the 
stratified  rocks,  and  partly  from  overlooking  the  ob- 
vious phenomena  which  attend  that  substance.  It  is 
unnecessary  to  add  the  moral  reasons,  arising  from 
habit,  authority,  hypothesis,  or  unwillingness  to  ac- 
knowledge error.  The  detailed  arguments  on  this 
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subject  will  be  found  in  the  history  of  that  rock;  but 
I  may  here  remark,  that  it  is  chiefly  by  the  passage 
of  veins  from  a  mass  of  granite  through  the  incumbent 
strata,  that  its  relative  posteriority  to  these  is  indicated. 
It  would  be  attempting  to  demonstrate  a  self-evident 
proposition,  to  say,  that  of  two  coexisting  rocks,  of 
which  the  one  traverses  the  other,  the  traversing  body 
is  the  latest  in  origin.  TJhat  such  a  vein  is  a  prolon- 
gation from  a  mass  of  granite,  renders  the  posteriority 
of  the  latter  equally  an  axiom. 

Judging  by  this  criterion,  a  given  mass  of  granite 
is  posterior  in  origin  to  every  stratum  in  a  series 
which  is  traversed  by  its  veins,  or,  what  is  equivalent, 
is  disturbed  by  its  contiguity.  Mere  contiguity  with- 
out disturbance  will  not  prove  it;  as  strata  might  be 
deposited  on  granite,  and  as  it  is  elsewhere  shown 
that  they  have  actually  been  so  deposited.  But  al- 
though this  defines  the  highest  limit  of  relative  an- 
tiquity, it  leaves  the  lowest  indefinite;  since,  in  a  deep 
series  of  strata,  the  superior,  or  distant,  portions  may 
have  been  but  slightly  disturbed,  or  have  entirely 
escaped  disturbance  by  a  granite  which  has  not  emitted 
its  veins  far  beyond  its  immediate  boundary.  How- 
ever certain  therefore  it  may  be,  that  any  mass  of 
granite  is  posterior  to  the  gneiss,  the  micaceous  schist, 
or  the  argillaceous  schists  which  it  traverses,  or  into 
which  it  intrudes,  we  are  unable  to  prove  that  it  is 
not  also  posterior  even  to  the  secondary  strata  that 
lie  above  them,  except  in  those  cases  already  men- 
tioned where  the  actual  contact  is  visible.  If  there- 
fore the  elevation  of  the  primary  strata  from  the  hori- 
zontal to  the  inclined  position  is  to  be  attributed  to 
the  formation  of  granite,  there  is  no  absolute  proof 
to  be  drawn,  from  the  nonexistence  of  that  rock 
among  the  secondary  strata,  that  these  also  have  not 
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been  elevated  by  the  same  cause.  If,  in  any  case  of 
this  nature,  we  cannot  prove  that  a  given  effect 
originates  in  a  proposed  cause,  it  is  still  important  to 
show  that  such  a  connexion  is  not  impossible. 

It  is  evident  now,  that  the  relative  position  of  any 
two  masses  of  granite  to  particular  strata  in  the  ge- 
neral series,  can  afford  no  proofs  respecting  the  relative 
antiquity  of  these  masses  to  each  other.  The  veins 
of  the  most  recent  may  have  been  limited,  like  those 
of  the  most  antient,  to  the  lowest  stratum  in  the 
series.  That  criterion  must  be  sought,  as  I  have 
just  said,  by  inquiring  whether  the  veins  of  one  mass 
of  granite  penetrate  another.  And  as  this  will  here- 
after be  shown  to  be  the  case,  it  becomes  proved  that 
granite  has  been  produced  at  distinct  successive  pe- 
riods. It  appears  that  even  three  periods  can  be 
proved;  but  it  must  be  evident,  that,  from  numberless 
causes  which  cannot  here  be  considered,  the  difficulty 
of  proving  successive  productions  of  it  must  increase 
at  each  stage. 

The  fact  of  even  two  generations  of  granite,  is  how- 
ever important  in  that  view  which  considers  it  as 
having  been  the  immediate  cause  or  concomitant  of 
the  elevation  of  the  strata.  It  is  shown  in  its  proper 
place,  (chapters  viii.  and  xxi.)  that  the  strata  have 
actually  been  elevated  at  successive  periods,  in  such  a 
manner  as  to  prove  that  the  inferior  series  was  at  least 
twice  moved ;  and  the  theory  of  granite  provides  the 
means  of  producing  both  the  effects  as  easily  as  the 
one. 

The  question  of  the  relative  antiquity  of  Trap  rests 
on  somewhat  different  grounds,  and  requires  a  separate 
explanation.  In  some  place  or  other,  the  veins  of 
this  substance  have  been  found  penetrating  every 
rock  from  granite  upwards;  as  far  at  least  as  the 
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boundaries  of  those  strata  which  have  certainly  been 
deposited  under  the  ocean.  Hitherto,  they  terminate 
with  the  chalk  stratum.  At  the  same  time,  the 
masses  of  that  rock  lie  above  this  substance,  and  thus 
its  posteriority  to  all  the  strata  beneath  the  tertiary 
deposits,,  taking  chalk  as  the  uppermost  of  these,  is 
established.  But  as  trap  occupies  the  surface,  and  as 
the  upper  strata  in  the  general  series  are  not  found  at 
every  point  there,  it  may  of  course  happen,  that  instead 
of  chalk,  this  rock  may  repose  on  any  other  member 
of  the  series,  as  it  may  even  on  granite.  It  must 
already  be  apparent,  that  the  mere  existence  of  trap 
veins  in  granite  or  gneiss,  cannot  prove  their  anti- 
quity; unless  it  can  be  shown  at  the  same  time,  that 
they  stop  suddenly  at  the  point  of  superposition  of 
some  other  rock.  Neither  can  the  separate  super- 
position of  a  mass  of  the  same  substance  on  those,  or 
on  any  other  rocks,  prove  their  affinity  to  these  in 
point  of  age.  That  can  be  inferred  only  in  cases  of 
continuous  stratification  among  the  stratified  sub- 
stances; and,  if  the  contrary  opinion  has  been  held, 
it  has  arisen  from  a  false  view  of  the  nature  of  the 
trap  rocks.  Were  a  continuous  mass  of  trap  to  be 
deposited  now  over  the  whole  of  Britain,  it  would  be 
in  contact  with  every  rock  in  the  system.  Should 
certain  portions  of  it  disappear  through  the  lapse  of 
ages,  there  would  remain  others,  independent,  and, 
under  occasional  circumstances,  in  contact  with  granite^ 
with  argillaceous  schist,  or  with  chalk,  as  it  might 
happen.  Posterity  would  judge  falsely  in  considering 
these  as  distinct  deposits,  connected,  in  point  of  age, 
with  the  several  rocks  on  which  they  immediately 
repose,  and  through  which  each  of  them  would  also 
exclusively  send  its  veins.  But  this  is  a  picture  of 
the  past,  as  all  geology  proves;  and  we  arc  therefore 
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left  without  a  criterion  to  determine  the  relative  age 
of  any  independent  mass  of  trap  to  the  strata,  as  far 
as  any  evidence  can  be  deduced  from  mere  contact. 
It  is  important  to  rectify  an  error  which  has  led  to 
the  establishment  of  numerical  and  successive  floetz 
trap  formations. 

The  circumstances,  however,  under  which  the  trap 
rocks  have  actually  originated  and  under  which  they 
are  displayed,  render  it  certain  that  there  have  been 
distinct  deposits  at  different  periods ;  but  it  is  not  less 
essential,  in  establishing  a  fact,  to  make  use  of  the 
true  evidence,  as  the  false  is  always  in  danger  of  mis- 
leading or  of  proving  too  much.  From  the  con- 
stitution of  the  porphyries  that  accompany  the  older 
rocks,  it  is  probable  that  they  are  of  a  higher  antiquity 
than  the  traps  found  above  the  secondary  strata ;  but  the 
certainty  of  two,  if  not  of  more  successive  productions 
of  these  rocks,  is  established  by  the  same  fact  as  it  is 
in  granite,  namely,  by  finding  veins  passing  from  one 
mass  so  as  to  intersect  another.  The  same  is  proved 
by  finding  masses  of  trap  constituting  portions  of  the 
conglomerate  strata;  but  all  the  minute  particulars 
which  relate  to  these  appearances  belong  properly  to 
the  history  of  Trap,  where  they  will  be  found. 
(Chap,  xxxix.) 

On  the  Veins  belonging  to  the  unstratified  Rocks. 

As  the  veins  of  granite  and  Trap  are  of  a  distinct 
origin  from  the  other  rock  veins,  it  will  be  better  to 
consider  them  in  this  place;  as  far  at  least  as  it  is 
necessary  for  the  purposes  of  this  general  view  of  the 
unstratified  rocks. 

If  veins  consisting  of  granite  or  trap,  have  not  al- 
ways been  traced  to  masses  of  these  rocks,  that  has 
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been  done  in  at  least  the  far  greater  number  of  in- 
stances, where  the  attempts  have  been  properly  made. 
That  this  may  not  always  be  possible,  is  easily  con- 
ceived :  the  granite  mass  may  be  covered  by  the  strata, 
and  the  mass  of  trap  may  have  disappeared.  As  trap 
is  also,  like  granite,  a  subterranean  production,  it  is 
easy  to  suppose  that  veins  of  it  may,  like  those  of 
granite,  be  connected  with  invisible  deep-seated 
masses.  This  very  fact  is  proved  by  phenomena  oc- 
curring in  Sky,  which  will  be  more  amply  described 
hereafter.  It  is  further  necessary  to  observe,  that 
this  apparent  independence  of  these  veins  has  oc- 
curred only  where  they  were  of  great  size;  that  being 
the  sole  condition  under  which  they  could  exist  at 
great  distances  from  the  parent  mass.  I  ought  per- 
haps here  to  add,  that  I  have  traced  the  sources  of 
all  those  veins  in  Scotland  which  were  formerly  sup- 
posed to  be  independent.  It  will  not  be  an  illegitimate 
conclusion,  that  all  such  veins  are  processes  from 
masses  of  those  rocks  to  which  they  belong  in  cha- 
racter and  constitution. 

The  sizes  of  these  veins  are  infinitely  various,  whe- 
ther we  regard  their  breadth  or  longitudinal  extent. 
They  have  been  observed  to  reach  to  many  yards,  and 
to  decend  from  that  to  the  finest  filaments.  In  their 
length  they  also  vary;  but  it  must  be  remarked  that 
the  courses  of  trap  veins  are  far  more  extensive  than 
those  of  granite.  The  larger  ones  of  this  nature  are 
known  sometimes  to  extend  through  spaces  of  many 
miles.  It  has  sometimes  been  imagined  that  they 
were  unlimited  downwards;  in  which  case  every 
vein  must  be  a  lamina.  That  however  is  not  the  fact 
in  granite,  in  which  every  dimension,  even  of  the 
largest,  can  sometimes  be  easily  traced.  It  is  equal- 
ly untrue  of  trap;  as  the  lateral  boundaries  of  their 
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planes  may  be  seen  and  examined  throughout,  in 
many  parts  of  the  Western  Islands  of  Scotland.  Nei- 
ther can  it  he  true  of  either,  if  we  consider  their 
connexions.  If  indeed  the  depth  of  vertical  trap 
veins  cannot  in  some  instances  he  traced,  it  only 
proves  that  the  masses  in  which  they  originate,  and 
which  form  their  limits,  are  innacessihle  to  us. 

The  ramification  of  veins  is  a  circumstance  which 
requires  notice  in  treating  of  their  dimensions.  It 
is  extremely  common  in  granite,  but  rare  in  trap;  from 
causes  that  will  be  so  apparent  in  the  progress  of  this 
discussion  as  to  require  no  specific  explanation. 

The  position  of  veins  with  respect  to  the  horizon 
is  infinitely  varied,  as  it  also  is  with  regard  to  the  in- 
tersected strata.  Those  of  granite  are  generally  ex- 
ceedingly inconstant,  while  they  also  pursue  tortuous 
and  intricate  directions  which  defy  all  attempts  to 
follow  them.  It  is  only  where  they  are  of  large  di- 
mensions, and  hold  long  courses,  that  they  appear 
straight;  and,  in  these  cases,  they  seem  to  maintain 
high  angles  towards  the  horizon.  But  their  direction 
and  extent  are,  in  fact,  regulated  by  the  magnitude 
and  disposition  of  the  fissures  which  they  occupy,  and 
by  the  position  of  the  central  mass.  If,  in  Cornwall, 
the  prevailing  and  larger  granite  veins  hold  a  common 
course  approaching  to  the  parallel,  and  if  the  high 
angles  predominate,  it  only  shows  that  circumstances 
in  the  nature  and  position  of  the  invaded  strata,  and 
in  the  bulk  and  form  of  the  invading  mass  of  granite, 
determined  this  particular  disposition  in  that  place. 
No  general  rules  can  be  deduced  from  any  fact  of 
this  nature- 

With  respect  to  trap  veins,  it  is  a  remarkable  fact 
that  they  are  rarely  congregated  into  one  spot,  in  mi- 
nute ramifications;  although  I  have  elsewhere  shown 
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that  this  is  the  case  in  Barra.  On  the  contrary,  the 
predominant  veins  of  this  substance  are  generally  of 
considerable,  and  sometimes  of  enormous  dimensions, 
while  they  continue  to  hold  extensive  courses  without 
ramification;  a  fact  rarely  occurring  in  the  veins  of 
granite.  This  circumstance  implies  one,  or  both,  of 
two  things  in  which  the  generation  of  granite  and 
trap  veins  have  differed;  gamely,  a  different  condition 
of  the  invaded  strata,  and  a  force  exerted  in  a  different 
manner.  Perhaps  both  of  these  are  correlative  pro- 
positions. Numerous  circumstances,  elsewhere  de- 
scribed, prove  a  flexible  condition  once  existing  in 
many  strata;  and  most  conspicuous  in  the  older  ones. 
These  are  the  rocks  which  granite  has  especially  invad- 
ed; and  such  limited  and  tortuous  fissures  are  precisely 
what  might  be  expected  from  an  imperfect  rigidity 
of  the  strata.  The  strata  invaded  by  trap,  on  the 
contrary,  rarely  contain  indications  of  flexibility;  and 
thus  are  accounted  for  the  greater  decision  and 
straightness  of  the  fissures  into  which  the  liquid  rock 
has  flowed.  It  is  interesting  to  remark  how  well  the 
several  parts  of  a  system  hold  together  :  and  how 
readily  a  true  theory  is  applicable  to  phenomena 
which  had  not  entered  into  that  mass  of  facts  on  which 
it  was  founded. 

Most  apposite  confirmations  of  this  view  of  the  dif- 
ferent effect  of  fissures  on  flexible  and  on  rigid  strata,  and 
on  those  which  yield  most  easily  compared  to  those  that 
oppose  the  greatest  resistance,  are  contained  in  some 
of  the  veins  of  the  Western  Islands,  as  in  Lunga  and 
elsewhere.  One  of  them  was  already  necessarily  no- 
ticed, in  the  remarks  on  the  contortions  of  rocks;  but 
while  they  show  the  different  effects  produced  on 
different  strata,  they  serve  to  illustrate  differences  in 
the  forms  of  trap  and  of  granite  veins,  which  are  of  a 


OF    UNSTRATIFIED    ROCKS    AND    VEINS.  143 

very  important  nature.  In  one  of  these,  already  men- 
tioned, the  vein  has  intersected  an  alternating  series 
of  argillaceous  schist  and  quartz  rock  ;  breaking  the 
latter  in  a  decided  manner,  but  bending  the  former, 
which  consequently,  bears  the  same  marks  of  flexure 
that  are  seen  where  granite  traverses  gneiss.  In  the 
others,  there  is  a  striking  difference  in  the  forms  of 
the  veins  where  the  fissure  has  been  transverse  to  the 
laminae  of  the  invaded  schist  and  where  it  has  con- 
formed to  these ;  the  vein  having  the  usual  parallel 
form  of  trap  in  the  former  case,  and  resembling  the 
irregular  veins  of  granite  in  the  latter. 

As  the  veins  of  trap  are  most  frequently  of  large 
dimensions,  so  they  are,  generally,  either  vertical  or 
inclined  at  high  angles  to  the  horizon.  Thus  probably 
they  indicate,  by  both  circumstances,  the  great  depths 
at  which  the  parent  masses  lie,  and  the  nature  and 
place  of  the  force  which  produced  the  fissures.  But 
that  they  frequently  also  occupy  very  low  angles,  will 
immediately  be  shown,  when  the  positions  of  veins 
with  respect  to  the  strata  are  considered. 

Although  the  term  fracture  implies  that  the  strata 
are  disunited  in  some  direction  across  their  laminar 
arrangement,  it  does  not  follow  that  all  veins  hold 
courses  thus  intersecting  these.  While  they  may  be 
broken  at  any  degree  of  obliquity,  they  are  sometimes 
also  separated  according  to  the  planes  of  their  strati- 
fication, or  according  to  that  of  their  laminar  struc- 
ture. In  the  latter  case,  the  veins  are  rarely  large, 
and  are  more  or  less  parallel  to  the  laminae  of  the  in- 
vaded rock ;  in  the  former,  strata,  either  similar  or 
dissimilar,  are  sometimes  completely  separated,  even 
for  considerable  spaces,  so  as  to  permit  a  large  and 
parallel  mass  of  the  intruding  rock  to  occupy  the 
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vacuity.  The  first  of  these  cases  is  most  common 
with  granite,  the  latter  with  trap ;  although,  even  in 
this  last  rock,  veins  are  sometimes  found  intruding 
into  the  schistose  structure,  or  parallel  to  the  stratifi- 
cation of  the  conterminous  strata.  In  both  cases,  an 
incorrect  or  prejudiced  view  of  these  appearances  has 
given  rise  to  the  notion  of  trap  and  granite  being 
stratified ;  with  what  ti'«th  will  easily  be  judged, 
when  the  following  obvious  marks  by  which  these 
are  to  be  distinguished  from  real  strata,  are  described. 

Where  the  courses  of  granite  veins  are  parallel  to 
the  laminae  of  the  including  rock,  their  true  nature  is 
easily  distinguished ;  as  they  rarely  persist,  even  for 
a  few  inches,  without  some  deviation  or  ramification. 
In  the  case  of  trap,  however,  as  they  are  often  of 
considerable  extent,  it  requires  more  care  to  trace 
them  to  their  irregularities  or  terminations.  But  they 
present  other  indications  of  their  real  nature,  by  occa- 
sionally sending  out  branches,  or  by  the  effects  which 
they  have  produced  on  the  adjoining  strata.  The 
nature  of  the  rock  indeed,  as  proved  from  other 
appearances,  ought  to  be  sufficient  to  satisfy  the 
spectator  that  they  are  veins,  and  not  beds :  but  as  it  is 
probable  that  real  strata  of  trap  do  actually  occur,  I 
must  reserve  the  minute  parts  of  this  discussion  to 
the  history  of  the  trap  rocks. 

Respecting  the  relation  in  point  of  time  between 
these  rock  veins  and  mineral,  or  metallic  veins,  it  is 
not  probable  that  any  general  rules  can  be  laid  down. 
In  Cornwall,  granite  veins,  as  well  as  veins  of  por- 
phyry traverse  the  mineral  veins  ;  but  as  mineral 
veins  are  also  found  in  granite,  even  in  that  district, 
it  is  certain  that  they  are  of  a  time  intermediate  be- 
tween two  formations  of  that  rock.  That  ordinary 
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trap  veins  should  generally  be  posterior  to  all  mineral 
reins,  follows,  of  course,  from  the  period  at  which 
these  appear,  relatively,  to  have  been  formed. 

Many  chemical  and  mechanical  changes  occur  in 
the  including  strata  at  the  places  where  they  are 
traversed  by  veins,  whether  these  be  of  trap  or 
granite.  But  these  are  numerous  and  minute,  and 
will  be  required  hereafter  for  the  purpose  of  esta- 
blishing the  igneous  origin  of  those  two  rocks.  But, 
in  this  place,  where  the  question  of  veins  has  been 
treated  generally,  as  far  as  that  was  possible,  it  is  im- 
portant to  observe  that  the  effects  are,  in  both  in- 
stances, not  only  similar,  but  as  exactly  identical  as 
could  be  expected  when  the  various  differing  circum- 
stances attending  them  are  considered. 


On  the  Origin  of   the  umtratified  Rocks. 

The  reasons  for  believing  that  all  the  unstratified 
rocks  are  alike  of  igneous  origin,  or  that  they  are 
substances  crystallized  from  a  fluid  of  fusion,  will  be 
given  in  a  more  proper  place  hereafter.  The  follow- 
ing remarks  on  the  mode  in  which  these  rocks  as- 
sumed their  present  forms,  and  on  the  probable 
causes  and  effects  of  their  fluid  state,  proceed  on  this 
supposition.  In  a  science  in  which  there  is  so  uni- 
versal a  reaction  of  all  the  parts,  and  where  every  set 
of  facts  is  necessary  to  illustrate  every  other,  all  can- 
not have  that  first  place  in  consideration  to  which  so 
many  have  a  claim. 

As  it  is  apparent  that  granite  has  been  in  a  state  of 
fluidity  beneath  the  strata,  and  that,  during  this 
state,  these  have  been  elevated  in  an  irregular  man- 
ner, it  is  easy  to  account  for  the  irregularity  of  its 
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general  surface,  or  for  the  partial  way  in  which  it  is 
found  distributed  on  the  earth's  superficies.  The 
consequence  of  the  unequal  elevation  of  the  strata, 
was  to  produce  those  interior  inequalities  that  have 
been  filled  by  the  yielding  mass  which  was  the  imme- 
diate cause  of  that  fracture,  and  the  concomitant  of 
the  force  exerted.  The  production  of  the  veins  is 
another  obvious  consequence  of  the  fractures  or  dis- 
continuities formed  by  the  displacements  of  the 
strata.  It  must  be  remembered  here,  however,  that 
the  actual  appearance  of  granite  at  the  surface  of  the 
earth  is,  in  most  cases,  the  consequence  of  another 
train  of  effects,  consisting  in  the  waste  of  those  parts 
of  the  strata  by  which  it  was  once  covered  ;  a  waste, 
of  which  the  whole  globe  produces  the  most  unques- 
tionable evidence.  From  the  progressive  state  of 
that  waste,  it  follows,  that  the  apparent  quantity  of 
granite  must  be  constantly  increasing,  although  itself 
is  subject  to  decay  ;  and  if  it  really  be  the  basis  of  all 
the  stratified  rocks,  it  is  possible  to  conceive  that  the 
earth  might,  at  some  future  day,  contain  granite,  only, 
in  its  more  elevated  portions ;  while  this  could  not 
happen,  of  course,  at  low  elevations  or  near  the 
level  of  the  sea,  because,  here,  the  ordinary  causes 
of  waste  cease  to  act. 

Since  now  the  other  division  of  the  un stratified 
rocks  is  found  above  the  strata  rather  than  below,  it 
is  necessary  to  inquire  respecting  its  source  or  origin. 
That  it  was  produced  in  a  fluid  state,  and  consolidated 
from  that  condition,  rests  on  precisely  the  same  ground 
as  the  case  of  granite.  The  nature  of  the  different 
substances  is  similar,  often  identical,  the  effects  are 
the  same  on  the  including  strata,  and  the  disposition 
of  the  veins  is  strictly  analogous,  varying  only  ac- 
cording to  circumstances  which  have  already  been 
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stated.  Nor  is  trap  exclusively  superficial ;  since  it 
is  actually  found  beneath  the  strata  in  considerable 
masses,  or  else  in  such  a  relative  position  to  them 
vertically,  as  to  resemble  granite  in  this  respect; 
while,  it  will  further  be  shown  hereafter,  that  many 
of  the  extensive  masses  of  these  rocks  now  visible 
at  the  surface,  have  actually  been  once  covered  by 
strata  which  have  disappeared  in  the  progress  of  decay. 
It  would  be  an  obvious,  yet  a  superficial  conclusion, 
that  the  trap  rocks  have  been  deposited,  like  the  ac- 
companying strata,  from  above.  But  the  moment 
that  their  igneous  origin  is  admitted,  that  opinion 
falls  to  the  ground;  as  there  is  no  external  source 
whence  they  could  have  been  derived.  By  the  ar- 
gument of  dilemma  therefore,  we  must  seek  their 
origin  in  the  same  regions  that  produced  granite. 
That  this  really  is  their  origin,  is  further  proved  by 
the  positive  arguments  derived  from  the  masses  that 
lie  beneath  or  among  the  strata,  by  the  depth  and 
magnitude  of  their  veins,  and  by  the  marks  of  force 
which  accompany  their  juxtaposition  to  the  strata. 
If  any  further  doubt  could  exist,  it  would  be  removed 
by  the  phenomena  of  volcanoes.  The  substances 
which  these  produce  are  not  only  strictly  analogous 
in  all  their  essential  characters  to  some  of  the  trap 
rocks,  but  often  undistinguishable ;  while  the  varia- 
tions which  do  appear,  admit  of  an  easy  explanation, 
from  differences  easily  defined.  These  rocks,  having 
passed  through  the  strata,  flow  over  them  in  certain 
cases  ;  while,  in  many  others,  there  is  reason  to  sup- 
pose, from  the  effects  following  the  earthquakes  which 
accompany  them,  that  they  have  intruded  among  the 
strata  beneath  the  surface,  so  as  to  have  produced 
those  well-known  permanent  elevations  of  the  land 
found  in  volcanic  countries.  That  they  elevate  the 
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superficial   strata,  is  fully  proved  by  the  phenomena 
attending  the  volcanic  Coral  islands. 

It  is  in  the  deeper  regions  of  the  globe,  therefore, 
in  those  where  we  have  found  the  origin  of  granite, 
that  we  must  seek  that  of  trap.  These  substances 
are  essentially  of  the  same  nature,  but  they  have  been 
produced  at  distant  periods  of  time.  In  accounting 
for  the  present  superficial  position  of  trap,  we  are 
provided  with  two  resources;  that  of  its  flowing  out 
in  the  manner  of  lava,  so  as  to  cover  the  strata,  and 
the  final  removal  of  these  so  as  to  leave  bare  that 
which  was  once  concealed  beneath  them.  This  ques- 
tion is  worth  pursuing  a  little  further. 

If  chalk  be  the  uppermost  marine  stratum  in  any 
spot,  and  if  a  trap  has  been  erupted  under  the  sea,  as 
many  appearances  indicate,  it  must  have  flowed  over 
the  surface  of  that  rock.  It  may  have  flowed  above 
many  others  ;  as  it  is  by  no  means  certain,  nor  even 
probable,  that  chalk  has  been  formed  every  where. 
But  respecting  this  we  cannot  hope  to  acquire  any 
satisfactory  evidence;  as,  in  the  present  state  of  the 
earth's  surface,  it  is  impossible  to  determine  which 
strata  have  been  removed,  and  which  were  never  de- 
posited. 

On  this  supposition  we  may  also  account  for  the 
partial  existence  of  the  trap  rocks.  It  is  not  necessary 
to  suppose  that  they  have  been  universal,  or  even 
much  more  general  than  their  present  remaining  indi- 
cations now  show.  Although  the  materials  of  trap 
may  have  existed  beneath,  as  generally  as  those  of 
granite  have  been  supposed  to  do,  it  does  not  follow 
that  they  should  every  where  have  reached  the  surface. 
The  analogy  of  volcanoes  here  comes  again  to  out- 
aid;  indicating,  by  facts  which  cannot  be  disputed, 
the  possibility,  or  rather  the  probability,  of  this  sup- 
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position.  It  is  on  this  ground  also  that  we  may 
readily  admit  successive  formations  of  trap  rocks; 
even  if  we  had  not  those  proofs  of  it  which  have  al- 
ready been  mentioned :  and  it  may  thus  even,  prove,  that 
many  of  those  now  known,  which  are  in  contact, 
separately,  with  different  strata  in  the  series,  may 
actually  have  been  of  different  periods,  and  not  the 
consequences  of  a  single  deposit  on  rocks  of  different 
natures;  separated,  itself,  into  distinct  parts,  by  the 
effects  of  waste.  It  is  not  a  little  remarkable,  on  this 
view,  that  two  deposits  of  trap,  of  which  the  distant 
succession  is  proved  by  appearances  that  will  hereafter 
be  fully  detailed,  are  found  in  the  same  place;  a  phe- 
nomenon exactly  similar  to  the  renewal  of  volcanoes 
at  distant  intervals  among  the  ruins  of  those  long 
since  extinct. 

It  must  thus  be  apparent,  that  whatever  differences 
may  exist  between  trap  and  granite,  whether  in  their 
relations  to  the  strata,  or  their  mineral  characters, 
they  are  strikingly  analogous  in  almost  every  essential 
general  circumstance,  and  that  the  former  may,  in  a 
certain  sense,  be  considered  as  a  recent  granite;  as 
the  granite  of  the  newer  strata.  The  circumstances 
respecting  these  analogies  which  have  not  yet  been 
noticed,  will  be  found  in  their  history  in  future  chap- 
ters. It  remains  to  account  for  one  difference,  on 
which  much  stress  has  been  laid,  not  only  by  those 
who  deny  the  igneous  origin  of  every  rock,  but  by 
those  who,  unable  longer  to  blind  themselves  re- 
specting that  of  trap,  reserve  all  their  force  in  favour 
of  the  aqueous  origin  of  granite. 

It  has  been  said  that  granite,  in  a  state  of  fusion  and 
protrusion,  ought  to  have  been  erupted  so  as  to  flow 
over  the  strata,  and  that,  like  the  trap  rocks,  it  ought 
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now  to  be  found  in  that  situation;  which  it  is  not. 
This  is  a  proposition  apparently  very  simple ;  but  the 
simplicity  of  a  proposition  ought  to  be  well  ascer- 
tained before  it  is  advanced  as  such. 

In  the  phenomena  that  attend  volcanoes,  which 
were  just  noticed,  it  seems  certain  that  volcanic  matter 
is  sometimes  moved,  or  perhaps  introduced  among 
the  strata,  without  appearing  at  the  surface.  The 
cause  is  here  indicated  by  that  eruption  of  rock  which 
takes  place  at  a  distant  point  at  the  same  time.  The  con- 
dition of  the  surface  in  many  parts  of  Italy,  and  the  an- 
tient  changes  of  level  which  it  has  undergone,  seem 
to  bespeak  the  agency  of  this  cause,  if  it  were  not 
proved,  in  many  other  cases,  by  those  alterations  in  the 
form  of  the  surface  which  have  attended  earthquakes. 
The  elevation  of  Coral  islands  proves  that  additions 
of  solid  matter  have  been  made  to  the  strata  beneath 
them,  as  there  is  no  other  mode  of  solving  this  phe- 
nomenon ;  while  the  actual  eruption  of  volcanoes 
in  the  neighbouring  parts  of  the  ocean,  leave  no  doubt 
with  respect  to  the  nature  of  the  cause. 

If,  in  such  cases  as  this,  we  conceive  the  surface 
to  be  removed,  as  it  will  beat  some  future  period, 
we  should  probably  find  many  places  where  the  ap- 
pearances would  resemble  those  produced  by  granite; 
that  is  to  say,  masses  of  fused  matter  which  have 
not  overflowed  the  strata. 

The  next  step  is  to  apply  this  reasoning  to  the  trap 
rocks.  If,  in  any  place,  the  superficial  masses  of 
these  were  to  be  entirely  removed,  we  should  discover 
the  openings  whence  they  had  flowed;  as  we  have 
already  probably  done,  in  many  cases,  by  ascertaining 
the  places  of  veins.  Here  then  we  should  find,  what  per- 
haps we  have  already  truly  found,  the  unerupted  trap>  with 
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the  strata  reclining  against  it,  as  in  the  case  of  granite. 
If  we  conceive  that,  by  a  still  further  process  of  waste, 
not  only  the  erupted  trap,  but  the  subjacent  strata 
themselves  should  have  disappeared,  we  should  arrive 
at  the  fundamental  mass,  and  find  only  the  slender 
remains  of  highly  disturbed  strata,  covering  this  inter- 
minable source  of  the  erupted  rocks.  Trap  would 
then  be  to  us  as  granite ;  nor  would  any  proofs  of  its 
former  eruption  and  overflowing  remain. 

Now  this  is  not  a  mere  postulate.  In  the  district 
of  Morven,  a  mountainous  mass  of  trap,  attaining  to 
1200  or  1500  feet  in  height,  meets  a  similar  mountain 
of  gneiss  in  a  line  not  far  deviating  from  the  perpen- 
dicular, its  base  being  lost  beneath  the  sea.  Here  the 
gneiss  reposes  on,  or  meets  the  trap,  precisely  as  it 
would  a  mass  of  granite,  and  is  in  the  same  manner 
disturbed  at  the  junction.  This  trap  mass  is  indeed 
connected  with  a  portion  that  covers  secondary  strata, 
and  which  may  be  considered  as  its  erupted  part.  But 
this  is  fast  wasting  away;  and  the  time,  however 
distant,  must  at  length  arrive,  when  the  trap  of  Mor- 
ven will  present  all  the  geological  appearances  of 
granite,  and  when,  should  it  accidentally  have  pos- 
sessed the  granitic  mineral  character  of  some  of  the 
syenitic  traps  of  Sky,  it  would  be  supposed  an  un- 
erupted  rock,  and  a  granite. 

Similar  appearances  occur  in  Sky,  where  masses  of 
trap  that,  as  far  as  we  can  discover,  are  interminable 
downwards,  pass  through  the  secondary  strata,  which 
are  consequently  found  in  the  same  relative  position  to 
them  that  the  primary  strata  sometimes  are  to  granite. 
One  of  these  is  many  miles  in  diameter ;  and,  did 
neither  Sky  nor  any  other  district  preserve  the  vestiges 
of  erupted  and  overflowing  Trap,  it  might  here  also 
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be  argued  that  such  a  mass  could  not  have  been  eject- 
ed from  below. 

In  these  last  cases,  there  is  one  circumstance  worthy 
of  notice  in  this  question  :  it  is  the  difference  between 
the  manner  in  which  the  trap  meets  the  secondary 
strata,  and  that  in  which  granite  meets  the  primary. 
The  junctions  in  Sky  are,  in  many  parts,,  vertical  and 
very  precise ;  although  there  are  the  usual  limited 
disturbances  and  penetrating  veins.  This  difference 
arises  from  a  different  condition  in  the  invaded  strata? 
which  is  confirmed  by  every  other  circumstance  of 
difference  that  attends  the  passage  of  veins  in  both,  the 
appearances  at  the  junctions,  and  those  of  the  strata 
themselves.  These  were  noticed  before  in  the  case  of 
veins,  and  they  arise  from  the  yielding  and  flexible 
nature  of  the  strata  in  the  one  case,  and  their  rigidity 
in  the  other  ;  facts  fully  evinced  by  the  contortions 
which  attend  the  primary  stratified  rocks.  The  very 
quality  of  the  rocks  themselves,  independently  of  soft- 
ness, may  have  contributed  to  these  differences;  as  is 
proved  by  the  instance  in  Morven,  where  the  lateral 
junction  of  the  trap  with  the  gneiss  is  of  a  very  dif- 
ferent character  from  those  which  take  place  between 
it  and  the  secondary  strata  of  Sky.  So  far  therefore 
from  its  being  proved  that  the  mode  of  junction  be- 
tween granite  and  the  incumbent  strata  is  not  the 
consequence  of  eruption,  because  it  does  not  resemble 
the  junctions  of  trap  in  similar  cases,  these  differences 
are  precisely  of  a  nature  to  confirm  that  opinion.  If, 
in  mechanics,  unequal  bodies  are  projected  with  a 
common  velocity,  we  infer  that  two  forces  have 
acted ;  if  the  velocities  are  different,  we  then  inquire 
whether  one  force  may  not  have  acted  on  both.  It  is 
not  probable  that  Geology  will  ever  be  ranked  among 
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the  accurate  sciences  ;  but  we  may  here  infer,  from  a 
balance  of  phenomena,  that  which  we  cannot  de- 
monstrate. 

There  is  yet  a  case  of  unerupted  trap,  of  which  Sky 
produces  a  distinct  example,  and  which  is  relevant  to 
the  question  under  consideration.  It  has  also  been 
observed  elsewhere.  In  this  instance,  a  mass  of  trap, 
unterminated  downwards,  and  of  a  conoidal  form,  is 
seen,  in  a  fair  and  deep  section,  covered  by  the  secon- 
dary strata,  which  are  so  bent  over  it  as  to  be  accom- 
modated to  its  form.  Here  is  a  case  precisely  ana- 
logous to  that  of  an  unerupted  granite ;  and  it  is 
obvious,  that  when,  in  the  progress  of  waste,  its  sum- 
mit shall  reach  the  surface,  it  will  present  an  example 
of  unerupted  trap,  with  the  strata  conforming  to  it  on 
each  side,  just  as  the  primary  are  so  often  found  to  do 
in  mountains  of  granite. 

We  may  now  inquire  how  these  facts  apply  to  the 
state  in  which  granite  is  supposed,  by  the  postulate, 
to  be  invariably  found ;  unerupted,  and  not  lying  on 
the  strata  to  which  it  is  contiguous. 

The  last  case  of  trap  quoted,  is  here  applicable,  and 
perhaps  more  completely  than  would  at  first  be 
imagined.  If  it  was  not  necessary  that  a  protruding 
and  protruded  mass  of  trap  should  in  every  instance 
make  its  way  through  the  superincumbent  strata, 
neither  has  it  been  in  the  case  of  granite.  Even  the 
rigid  sandstones  of  Sky  have  yielded  to  the  pressure  of 
the  trap  ;  and  much  more  must  it  be  believed  that 
this  has  happened  in  the  case  of  granite,  when  the 
softness  and  flexibility  of  the  primary  strata  in  its 
vicinity  are  considered.  I  need  scarcely  add  that  the 
volcanic  elevations  of  strata,  without  eruption,  present 
the  same  analogies. 

There  arc   moreover    circumstances  in    the    con- 
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stitution  of  granite,  which  prove  that  it  has,  for  a 
longer  period,  been  under  the  influence  of  heat  than 
the  trap  rocks.  This  is  its  more  perfect  and  distinct 
crystallization  ;  a  difference  which  we  are  enabled  to 
produce,  even  in  our  laboratories,  by  prolonging  the 
fluid  state  of  fused  traps,  and  which  is  a  common  oc- 
currence in  volcanic  rocks  under  similar  differences  in 
the  rapidity  of  cooling.  J  shall  hereafter  also  attempt 
to  show,  that  gneiss  itself  is  the  evanescent  limit 
between  granite  and  the  other  stratified  rocks.  Thus 
it  is  at  least  possible,  perhaps  even  probable,  that  in 
many  cases  where  granite  has  actually  been  erupted, 
the  rocks  which  it  covered  have,  by  long  exposure  to 
its  action  and  by  being  thus  involved  in  it,  been  con- 
verted into  its  substance.  This  supposition  is  not  in 
want  of  support  from  analogies  furnished  by  the 
Trap  rocks  ;  as  an  instance  occurs  in  Canty  re,  as 
well  as  on  the  continent  of  Europe,  where  the  gradual 
conversion  of  a  schistose  rock  into  porphyry,  under 
similar  circumstances,  is  proved  in  the  most  unques- 
tionable manner. 

In  the  next  place,  we  may  apply  to  granite  as  we 
now  find  it,  the  cases  of  apparently  unerupted  trap 
already  examined.  The  immense  deposits  of  mate- 
rials which  now  form  the  alluvial  tracts  of  the  globe, 
the  enormous  masses  of  secondary  strata  which  have 
been  produced  by  antient  materials  of  the  same 
nature,  all  prove  the  magnitude  of  the  destruction 
which  mountains  have  formerly  experienced,  which 
they  are  now  daily  undergoing.  Let  imagination  re- 
place the  plains  of  Hindostan  on  the  Himalya,  or 
rebuild  the  mountains  which  furnished  the  secondary 
strata  of  England,  and  it  needs  not  be  asked  what  is 
the  extent  of  ruin,  modern  or  antient.  In  this  ruin, 
the  highest  rocks  participate  most  largely ;  so  largely, 
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that  we  can  scarcely  hope  to  find  one  portion  of  that 
surface  which  was  once  most  elevated  above  the 
waters.  If  in  the  progress  of  such  extensive  de- 
struction, thus  probably  acting  on  the  primary  rocks 
at  two  distinct  periods,  every  vestige  of  overflowing 
granite  has  dissappeared,  it  is  assuredly  an  event  not 
calculated  to  exite  surprise. 

That  granite  has  in  reality  furnished  a  very  large 
part  of  the  materials  of  the  recent  strata,  is  proved 
by  their  constitution.  Quartz,  felspar,  mica,  and 
hornblende,  are  the  chief  materials  of  the  sandstones, 
shales,  and  clays ;  nay,  the  very  fragments  of  that 
rock  are  found  every  where.  Even  in  our  recent  al- 
luvial soils  they  abound ;  and  it  is  a  question  worth 
considering,  whether  the  granite  boulders,  of  which 
the  immediate  origin  has  so  often  been  vainly  traced, 
are  not  rather  the  portions  of  decomposed  conglo- 
merate strata,  or  the  more  durable  remains  of  the 
alluvial  soils  on  which  they  now  repose. 

In  an  argument  thus  made  up  of  probabilities  and 
resting  on  analogies,  it  is  legitimate  to  muster  all  the 
force  that  can  be  adduced.  We  have  yet  to  learn 
whether,  if  the  secondary  strata  were  laid  bare,  the 
granite  might  not  often  be  found  beneath  them  and 
incumbent  on  the  primary ;  protected  from,  at  least 
the  second  period  of  destruction,  by  their  covering. 
It  may  happen,  for  example,  for  any  thing  that  we 
can  prove  to  the  contrary,  that  this  very  case  may  be 
present  in  Sutherland,  where  the  secondary  strata 
actually  repose  on  granite.  The  observations  on  the 
junctions  of  granite  and  the  primary  strata  are  not 
easy  to  make,  nor  are  the  exposures  often  very  per- 
fect ;  so  that  this  is  one  of  the  cases  where  the  diffi- 
culty of  proving  a  negative  leaves  conjecture  alike 
open  to  all.  Why  may  it  not  be  added,  that  there  ib 
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not  only  an  absolute  want  of  observations  on  this 
subject,  but  that  the  universality  of  a  prejudice  in 
favour  of  the  aqueous  origin  of  granite,  renders  some 
observers  as  unwilling  or  as  unable  to  discover  the 
truth,  to  explain  appearances  in  an  obvious  manner, 
as  others  are,  from  want  of  experience  or  other 
causes,  incapable. 

This  argument  has  Jiitherto  proceeded  on  the 
grounds  of  analogy  and  of  inference  from  causes  and 
effects ;  but  it  is  time  to  ask  whether  the  postulate  is 
really  true,  when  it  assumes  that  granite  has  not 
overflowed  the  strata.  I  have  shown  in  another 
work,  (Western  Islands,)  that,  in  Sky,  a  granite, 
defining  it  by  its  mineralogical  characters,  is  an  inte- 
grant part  of  a  mass  of  unstratified  rocks  which  lies 
on  a  stratified  limestone.  If  I  have  chosen  to  consider 
this  rock  as  a  member  of  the  trap  family,  it  is  merely 
because  I  have  thought  fit  to  adopt  the  difference  of 
age  as  a  criterion  between  granite  and  trap,  for  rea- 
sons that  need  not  here  be  stated.  The  fact,  so  far 
as  this  argument  is  concerned,  remains  the  same ;  but 
it  is  plain  that  it  will  be  necessary  to  abandon  this 
distinction  between  trap  and  granite,  whenever  it  shall 
be  disputed  whether  the  latter  has  ever  overflowed 
the  strata.  If,  in  this  particular  instance,  I  had  not 
detected  the  superposition  of  the  mass,  it  would  of 
course  have  been  ranked  with  granite ;  and,  in  confir- 
mation of  this,  we  have  the  authority  of  Von  Buch, 
a  testimony  never  yet  questioned,  that  granite  lies 
above  corichiferous  limestone  in  Norway.  No  evi- 
dence can  be  less  liable  to  suspicion  than  that  of  a 
person  who  denies  the  truth  of  the  theory  of  which 
his  own  testimony  is  adduced  as  a  proof. 

We  are  thus  at  length  brought  to  consider  the  fur- 
ther evidences   that  may  be  produced  to  prove  the 
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common  scat  of  Granite  and  Trap,  and  the  identity 
of  the  circumstances  in  which  they  have  originated. 
These  are  deducible  from  similarity  ;  in  certain  cases, 
from  absolute  identity  of  character;  hut  I  must 
premise,  that  to  limit  the  term  granite  to  the  sole 
compound  of  quartz,  mica,  and  felspar,  is  merely 
to  abuse  a  mineralogical  term  for  the  purpose  of 
evading  a  geological  inference.  This  is  an  expedient 
which,  however  often  used,  is  inconsistent  with  the 
rules  of  sound  logic.  In  a  geological  sense,  every 
rock  must  be  considered  a  granite  which,  whatever 
its  composition  may  be,  forms  a  portion  of  a  common 
mass  of  that  rock  in  its  most  acknowledged  charac- 
ter. 

In  Aberdeenshire,  the  leading  varieties  of  granite 
are  of  that  character  which  agrees  with  the  most 
rigid  mineralogical  definition,  and  the  superposition 
of  gneiss  over  a  very  extensive  tract  of  that  rock  can 
be  traced  with  the  greatest  facility.  But,  in  many 
places,  a  variety  of  this  granite  occurs,  which  is  com- 
posed of  felspar  and  hornblende  only,  passing  into 
the  ordinary  kind  by  means  of  the  usual  fourfold 
compound  of  hornblende,  quartz,  mica,  and  felspar, 
and  the  threefold  one  composed  of  hornblende,  quartz, 
and  felspar ;  to  both  of  which  the  term  Syenite  has 
sometimes  been  applied.  The  continuity  and  gra- 
dation of  all  these,  and  their  inferiority  to  the  primary 
strata,  can  be  traced  without  the  slightest  difficulty. 
In  examining  more  minutely  the  duplicate  compound 
just  mentioned,  it  is  observed  in  many  places  to  as- 
sume a  fine  grain,  and  thus  at  length  it  becomes 
undistinguishable  from  the  greenstones  of  the  trap 
family.  But  the  identity  does  not  cease  even  here  ; 
since,  in  many  places,  it  passes,  in  the  same  uninter- 
rupted manner,  into  a  basalt,  and,  at  length,  into  a 
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soft  claystone,  with  a  schistose  tendency  on  exposure, 
in  no  respect  differing  from  those  of  the  Trap  islands 
of  the  western  coast.  And  the  same  facts,  precisely, 
occur  in  Guernsey ;  sx>  that  a  mineralogist,  or  a 
superficial  geologist,  would,  unhesitatingly,  call  that 
a  basalt  which  is  but  a  graduating  portion  of  the 
general  mass  of  granite. 

In  each  case,  all  these  rocks  form  a  common  gra- 
duating mass,  and  are  therefore  of  the  same  date; 
but,  in  Shetland,  there  occurs  another  instance  which 
presents,  with  similar  features,  an  interesting  variety 
of  origin.  In  that  region,  there  is  an  extensive  mass 
of  red  granite  of  an  ordinary  structure,  accompanied 
by  a  dark  one  composed  of  the  quadruple  compound, 
hornblende,  mica,  felspar,  and  quartz.  In  the  latter, 
the  same  gradation  into  basalt  may  be  traced,  in  a 
manner  equally  perfect ;  and  that  this  mass  is  granite, 
is  evinced  by  its  inferiority  to  gneiss  under  all  the 
usual  well-known  appearances.  But  it  is  also  of  a 
prior  date  to  the  red  granite ;  as  the  latter  every  where 
penetrates  it  by  its  veins,  just  as  it  does  the  approxi- 
mate strata.  Hence  its  antiquity  is  no  less  unques- 
tionable than  its  character. 

Thus  it  is  proved  that  granite,  or  at  least  a 
rock  originating  in  the  same  causes,  may  possess 
the  characters  of  some  of  the  most  common  varieties 
of  the  most  recent  traps.  It  remains  to  reverse  the 
proposition,  and  to  adduce  instances  of  the  gra- 
nitic character  among  these  recent  unstratified 
rocks. 

If  the  rock  of  Arran  be  considered  a  granite,  which 
it  is  esteemed  to  be,  the  same  latitude  must  be  ex- 
tended to  that  of  St.  Kilda.  Mica  is  often  absent 
from  both ;  and  both  contain,  in  certain  parts,  cavities 
in  which  felspar  and  brown  quartz  are  crystallized. 
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But  the  rock  of  St.  Kilda  is  connected  .with  common 
greenstone  and  augit  rock;  substances  esteemed  to 
appertain  to  the  Trap  family.  If  these,  instead  of 
being  admitted  among  the  traps,  are  referred  to  gra- 
nite, St.  Kilda  will  merely  offer  an  instance  to  add  to 
the  former  parts  of  this  analogy. 

In  Sky,  a  quadruple  compound  of  hornblende, 
felspar,  mica,  and  quartz,  passes  into  a  triple  one  in 
which  mica  is  absent,  and  at  length,  by  a  variety  of 
gradation,  into  a  compound  of  felspar  and  quartz, 
felspar  and  hornblende,  claystone,  porphyry,  and 
greenstone.  The  whole  mass  is  continuous;  and,  in 
some  place  or  other,  every  member  of  it  is  found 
lying  above  the  secondary  strata.  Here  then  is  a 
mass  of  trap,  containing  a  granite,  undistinguishable, 
not  only  from  many  of  the  varieties  which  occur  in 
Arran,  but  from  those  which  are  so  often  found  be- 
neath the  primary  strata. 

There  is  little  doubt  that  whenever  adequate  ob- 
servers shall  choose  to  follow  the  course  here  pointed 
out,  and  to  pursue,  unbiassed,  that  chain  of  observa- 
tion which  is  only  here  for  the  first  time  indicated, 
more  instances  of  the  same  nature  will  be  brought  to 
light,  both  among  the  traps  and  granites.  It  is  es- 
pecially necessary,  however,  to  guard  against  being 
misled  by  mineralogical  terms.  It  is  not  in  the  minute 
arrangements  of  a  cabinet  of  specimens,  that  the  great 
features  of  nature  are  to  be  studied;  nor  can  geology 
ever  rise  to  the  rank  of  a  science,  if  it  is  to  be  culti- 
vated by  grovelling  among  fragments  and  substituting 
words  for  knowledge. 

I  may  now  indeed  add,  that  since  this  chapter  has 
been  so  far  arranged  as  to  render  its  alteration  incon- 
venient, I  have  been  satisfied,  by  the  examination, 
both  of  collections  and  their  collectors,  that  the  same 
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phenomena  have  occurred  to  many  observers.  The 
case  of  Predazzo  is  one  where  granites  of  all  charac- 
ters form  a  mass  with  augitic  greenstone ;  the  whole 
heing  later  than  the  red  marl  and  the  oolithe  lime- 
stone; and  from  the  observations  of  Von  Buch, 
Brongniart,  Boue,  and  others,  in  Norway  and  else- 
where, it  is  evident  that  what  I  had  so  long  pointed 
out,  required  only  to  be  more  generally  known  to  be 
found  a  very  common  occurrence. 

I  the  mean  time  I  am  unable  to  perceive  that  any 
thing  is  wanting  to  prove  the  identity  of  origin  in 
trap  and  granite.  It  is  little  likely,  at  least,  that 
geology  will  often  furnish  us  with  evidence  of  a  more 
decided  nature.  Nor  is  it  an  indispensable  requisite 
to  this  argument,  to  produce  numerous  examples; 
since  there  are  innumerable  cases  in  science,  among 
which  this  seems  one,  where  one  or  two  facts  are  as 
decisive  as  a  hundred. 

It  is  unnecessary  to  add  feeble  arguments  to  strong 
ones;  but  the  prevailing  mineral  characters  through- 
out the  whole  range  of  the  unstratified  rocks  are  of 
a  nature  to  confirm  that  which  is  here  proved.  Yet 
it  will  not  be  superfluous  to  allude  to  the  probable 
causes  by  which  the  characters  of  these  rocks  have 
been  modified;  and  which  have  had  an  effect  so 
generally  steady,  in  distinguishing  between  those  of 
the  families  of  granite  and  trap,  It  is  very  probable 
that  many  of  these  differences  arise  from  a  constitution 
radically  different;  from  the  proportions  of  the  se- 
veral earths  entering  into  them.  In  extreme  cases,  as 
between  claystone  and  granite,  they  certainly  depend 
on  that  cause.  To  put  a  hypothetical  case:  If  it  be 
conceived  that  granite  was  produced  from  the  fusion 
of  an  argillaceous  sandstone,  and  basalt  from  that  of 
an  argillaceous  schist,  the  consequent  difference  be- 
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tween  these  two  substances  is  easily  accounted  for. 
It  is  unnecessary  at  present  to  support  this  case  by 
facts,  as  it  will  better  corne  under  review  hereafter; 
but  even  where  the  composition  is  similar,  experiment 
has  taught  us  that  the  same  mixture  will,  under  dif- 
ferent degrees  of  heat,  and  with  a  different  management 
of  it,  produce  different  artificial  rocks.  Slow  cooling 
generates  a  highly  crystalline  arrangement ;  quick,  an 
obscure  one.  The  reader  may  be  safely  allowed  to 
make  use  of  this  analogy  in  his  own  way;  as  the 
writer  himself  could  do  little  more  than  apply  it  hy- 
pothetically  to  the  explanation  of  the  differences  be- 
tween trap  and  granite.  Only  let  it  be  recollected, 
that  there  are  many  differences  in  the  conditions  of  the 
earliest  and  latest  erupted  materials,  and  in  that  of 
the  strata  among  which  they  have  intruded,  which 
will,  with  a  little  reflection,  go  far  towards  explaining 
the  differences  in  question,  if  the  causes  and  effects 
cannot  be  rigidly  approximated. 

I  will  not  now  examine  the  reasons  why  the  fluidity 
of  granite  and  of  trap  must  have  been  a  fluidity 
of  fusion ;  although,  as  a  question  common  to  all  the 
unstratified  rocks,  it  in  some  measure  claims  a  place 
here.  It  will  be  more  conveniently  examined  when 
the  mineral  nature  of  these  rocks  shall  come  under 
review. 

Thus  far  this  discussion  has  proceeded  without  in- 
volving considerations  of  a  merely  hypothetical  nature; 
but  it  cannot  be  dismissed  without  noticing  the 
causes  which  Geological  Theorists  have  assigned  for 
the  fusion  and  protrusion  of  the  unstratified  rocks. 
To  the  expansive  powers  of  a  heat,  or  fire,  situated 
deep  beneath  the  surface,  is  attributed  the  enlargement 
or  protrusion  of  the  fluid  which  it  has  produced.  The 
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arguments  shall  here  be  stated  in  as  brief  a  form  as 
possible;  as  there  is  little  to  be  gained  by  dwelling 
on  illustrations  of  this  nature. 

It  is  argued  that  heat  does  operate  some  of  the 
effects  in  question,  and  that  it  is  capable  of  producing 
them  all,  that  no  other  agent  is  known  equal  to  ful- 
filling all  the  conditions,  and  that  the  effects  are  ana- 
logous to  those  which  are  witnessed  in  the  actions 
of  Volcanoes,  whether  as  they  relate  to  fusion,  ex- 
pansion, or  elevation  of  the  superincumbent  strata. 
It  is  next  argued  that  the  existence  and  permanence 
of  hot  springs,  and  the  antiquity,  renewal,  or  existence 
of  Volcanoes,  prove  that  the  earth  is  the  repository 
of  a  deep  seated  and  permanent  source  of  heat.  The 
questions  which  regard  the  real  nature  of  this  heat, 
whether  it  be  permanent  or  but  occasionally  excited, 
will  be  more  usefully  discussed  when  the  nature  of 
Volcanoes  is  hereafter  examined. 

Of  Veins  of  Quartz  and  Carbonat  of  Lime. 

It  remains  yet  to  consider  those  rock  veins  which 
belong  neither  to  the  families  of  trap  nor  granite. 
The  most  abundant  are  those  which  consist  of  quartz 
and  of  carbonat  of  lime,  and  they  will  be  found  more 
analogous  to  mineral  veins  than  to  those  which  have 
preceded.  They  even  throw  a  sort  of  light  on  some 
circumstances,  at  least,  in  the  formation  of  those 
veins ;  although  the  greater  part  of  that  subject  is 
still  involved  in  impenetrable  obscurity. 

Veins  of  quartz  are  found  in  granite,  gneiss,  mica- 
ceous schist,  and  indeed  in  every  member  of  the  pri- 
mary rocks  ;  nor  are  they  even  excluded  from  the 
secondary,  although  in  these  they  are  more  rare. 
They  present  many  varieties  of  mineral  character, 
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since  they  are  the  repositories  of  most  of  the  speci- 
mens of  this  substance  which  are  to  be  found  in  mi- 
neral collections.  An  enumeration  of  these,  forms  no 
part  of  the  present  subject.  In  their  dimensions, 
they  vary  exceedingly ;  the  breadth  reaching  from 
many  yards  to  a  thickness  not  exceeding  that  of 
paper,  and  the  length,  or  lateral  extent,  varying  in 
the  same  manner.  As,  however,  they  have  no  con- 
nexions with  masses  of  similar  rocks,  their  termi- 
nations in  every  direction  can  be  traced,  provided  ac- 
cess be  obtained  to  these.  They  are  subject  to  rami- 
fication, and,  as  is  elsewhere  remarked,  they  some- 
times follow  the  contortions  of  the  strata  in  which 
they  are  contained. 

The  same  description  will  serve  for  veins  of  calca- 
reous carbonat ;  but  it  must  be  remarked  that  the 
rocks  in  which  these  occur,  are  much  more  limited. 
They  are  found  in  limestone,  in  serpentine,  in  argil- 
laceous schist,  in  shale,  in  some  sandstones,  and  in 
trap ;  but  are  extremely  rare  in  micaceous  schist,  or 
the  other  rocks  of  the  primary  division :  in  granite 
and  gneiss,  they  have  never,  I  believe,  been  ob- 
served. 

The  origin  of  these  two  kinds  of  veins  has  been  a 
matter  of  dispute  among  different  theorists.  They 
have  been  called  contemporaneous  by  one  party,  and 
supposed  to  be  produced  by  the  same  unaccountable 
crystallization  that  formed  the  including  rocks.  It 
will  be  time  enough  to  examine  the  validity  of  this 
theory  when  nature  shall  establish  new  laws  of  cry- 
stallization, and  when  the  past  and  the  future  are 
alike  present.  Those  who  have  favoured  the  theory 
of  an  igneous  origin  or  consolidation,  have  imagined 
that  quartz  and  carbonat  of  lime  were  secreted  in  a 
state  of  fusion,  into  fissures  formed  by  the  shrinking 
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of  the  indurated  strata.  Nothing  can  be  much  more 
gratuitous  than  this  supposition  ;  while,  even  if  ad- 
mitted, it  would  not  explain  the  formation  of  these 
veins  in  granite  and  trap.  There  appears  little  diffi- 
culty in  tracing  them  to  a  watery  and  gradual  infil- 
tration of  the  two  minerals  in  question  ;  whatever 
objections  may  be  urged  against  the  production  of 
extensive  veins  of  quartz,  in  this  manner.  The  pro- 
cess may,  in  fact,  be  traced  to  a  sufficient  extent,  to 
allow  us  to  infer  the  possibility  of  all  that  is  here 
asked. 

The  infiltration  of  quartz  and  of  carbonat  of  lime 
through  rocks,  is  proved  by  the  formation  of  chal- 
cedonies, quartz  crystals,  and  calcareous  spar,  in  the 
inflated  cavities  of  trap  rocks  ;  and  in  these,  every 
stage  of  the  progress  can  be  traced,  as  I  have  fully 
shown  in  former  writings.  It  is  proved  in  the  case 
of  calcareous  spar,  by  the  very  common  formation  of 
ordinary  calcareous  stalactites.  It  is  proved  that 
quartz  crystallizes  from  water  in  these  very  veins  ; 
because  that  variety  of  rock  crystal  which  is  formed, 
like  nitre,  not  by  the  process  of  gradual  increment  on 
one  central  nucleus,  but  by  a  process  commencing  in 
various  distant  parts  at  once,  often  contains  water. 
Lastly,  I  have  traced  the  actual  formation  of  these 
veins  in  primary  limestone  in  Glen  Tilt ;  where  the 
narrower  parts  of  the  fissures  were  filled  by  a  conso- 
lidated spar,  and  the  sides  of  the  remainder  were  co- 
hered by  an  incipient  crystallization  ;  the  vacancy 
containing  a  solution  of  carbonat  of  lime.  The  end 
of  the  process  can,  in  such  a  case,  be  easily  predicted ; 
and  there  is  no  difficulty  in  applying  the  same  expla- 
nation to  every  analogous  instance.  I  ought  to  add, 
in  terminating  this  subject,  that  the  same  vein  some- 
times contains  both  quartz  and  calcareous  carbonat ; 
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a  case  exactly  similar  to  that  of  the  siliceo-calcareous 
nodules  found  in  trap. 

Veins  of  felspar  and  of  compact  felspar  are  not 
uncommon  in  those  rocks  which  contain  veins  of 
granite  and  porphyry.  It  would  be  superfluous  to 
describe  them  particularly,  as  they  differ  in  no  re- 
spect in  their  features  from  those  of  granite  and  trap. 
It  will  be  found  that  some  of  the  veins  of  common 
felspar  are  varieties  of  granite  veins,  as  is  frequently 
indicated  by  occasional  crystals  of  imbedded  quartz, 
and  that  the  others  are  the  bases  of  porphyries  in 
which  the  usual  imbedded  crystals  are  rare  or  alto- 
gether wanting. 

It  is  barely  necessary  here  to  mention  the  existence 
of  pitchstone  veins  ;  since,  as  it  seems  to  be  the  only 
form  in  which  that  rock  occurs,  it  will  be  better  to 
examine  the  whole  subject  in  its  proper  place. 

The  last  species  of  veins  requiring  notice,  are  those 
conglomerate  veins  which  cannot  be  ranked  with  the 
mineral  veins  described  in  a  subsequent  chapter. 
They  are  probably  very  rare,  as  I  have  met  with  only 
three  instances  of  them.  In  these,  the  materials  con- 
sist of  various  rounded  stones  with  clay  and  sand, 
cemented  in  the  usual  manner  of  conglomerate  rocks ; 
and  they  have  evidently  been  formed  by  the  casual 
falling  of  the  loose  materials  into  open  fissures, 


CHAP.   XL 

On   the  concretionary  and  crystalline  Structures  of 

Rocks. 

• 
THE   internal  structure  forms   an  important    part  of 

the  natural  history  of  rocks,  and  is  also  interesting, 
from  the  hints  which  it  may  afford  respecting  their 
formation,  and  from  the  errors  to  which  it  may  give 
rise.  The  modifications  of  the  concretionary  structure 
may  be  divided  into  the  large  and  the  small,  but  the 
limit  is  undefinable. 

Of  the  laminar,  foliated,  and  schistose  Structures. 

The  most  important,  perhaps,  if  not  the  most 
conspicuous  division  of  the  large  structure,  is  that  to 
which  the  very  wide  term  of  laminar  may  be  applied. 
This  is  that  modification  which  has  so  often  been 
confounded,  under  some  of  its  forms,  with  the  strati- 
fied disposition ;  giving  rise,  in  the  cases  of  Trap  and 
Granite,  to  serious  errors.  One  of  the  most  interesting 
varieties  in  this  division,  is  that  which  occurs  in  granite. 
The  size  of  the  concretions,  if  such  they  are  to  be 
considered,  is  often  immense ;  while,  for  a  certain 
extent,  they  sometimes  put  on  the  appearance  of 
strata  so  accurately,  that  it  is  not  very  surprising  if 
they  have  misled  incautious  observers.  It  is  not  often, 
however,  that  the  laminar  form  is  so  perfect ;  for,  on 
a  careful  examination,  it  will  generally  be  found  that 
the  sides  of  a  lamina  are  far  from  parallel,  and  that 
they  speedily  disappear  in  their  progress,  being  irregu- 
larly entangled  and  implicated  with  others,  not  only 
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of  different  sizes,  but  of  various  irregular  forms.  It 
is  not  unfrequent  for  these  laminae  to  be  curved,  so  as 
to  have  a  convexity  and  a  concavity  ;  while,  in  other 
cases,  all  their  boundaries  are  convex,  causing  the 
laminar  to  approximate  at  length  to  a  large  spheroidal 
structure.  Further,  they  pass  into  the  cuboidal  or 
square  prismatic  structure,  in  consequence  of  fissures 
at  right  angles  to  their  planes ;  and,  in  the  same 
manner,  they  are  sometimes  split  into  imperfect  co- 
lumnar divisions. 

The  minuteness  of  the  laminar  structure  is  at  times 
such,  that  granite  possessing  this  character  has  been 
called  schistose ;  but  the  difficulty  which  attends  some 
cases  of  this  nature  is  examined  in  the  chapter  on  the 
Destruction  of  Rocks.  (Chap,  xiii.)  It  is  proper  here 
to  add,  that  the  larger  laminar  structure  is  most 
frequent  in  granite  ;  but  that  it  occurs  in  some  of  the 
trap  rocks,  including  porphyries,  and  is,  in  particular, 
very  conspicuous  in  hypersthene  rock.  The  smaller 
laminae  are  found  principally  in  the  traps  and  in 
pitchstones :  and  it  thus  appears  that  this  structure  is 
nearly  peculiar  to  the  unstratified  rocks.  It  occasion- 
ally happens  that  the  laminar  structure  is  to  be 
discovered  only  after  exposure  to  the  air,  a  circum- 
stance necessarily  noticed  in  the  chapter  on  decompo- 
sition, and  that  it  may  be  combined  with  other  varie- 
ties, as  with  the  columnar,  in  many  of  the  trap  family. 
It  is  also  found  in  the  veins  of  the  later  traps  and  the 
antient  porphyries,  as  well  as  in  the  products  of 
volcanoes. 

The  circumstances  thus  detailed  respecting  the 
rocks  to  which  this  structure  belongs,  added  to  a 
careful  and  unprejudiced  eye,  must  be  the  Geologist's 
guide  in  distinguishing  laminae  from  strata,  a  concre- 
tionary form  from  a  real  stratification. 


168  ON    THE    CONCRETIONARY    AND 

The  foliated  structure  is  distinguished  from  that 
properly  called  laminar,  by  an  undefined,  or  else  a 
comparatively  unlimited  divisibility  ;  and  the  examples 
of  it  are  found  in  the  argillaceous  schists,  in  the 
micaceous  schists,  in  gneiss,  and  in  others  of  the 
analogous  primary  rocks.  It  is  conveniently  divided 
into  the  foliated  strictly  speaking,  and  into  the 
schistose. 

In  the  former,  which  occurs  in  the  primary  rocks 
that  contain  mica,  the  divisibility  is  the  result  of  the 
position  of  the  mineral ;  and  that  position,  it  is  else- 
where shown,  may  be  the  consequence,  either  of  depo- 
sition or  of  crystalline  polarity.  It  is  unnecessary  to 
dwell  on  the  varieties  of  aspect  which  this  structure 
presents ;  but  these  will  be  found  to  consist,  as  in 
gneiss,  in  its  irregularity  and  imperfection ;  or,  as  in 
the  finest  and  flattest  chlorite  schists,  in  its  extreme 
tenuity  and  flatness.  The  analogous  structures  which 
occur  in  the  secondary  calcareous  or  arenaceous  strata 
have  evidently  resulted  from  the  mode  of  mechanical 
deposition  by  which  these  have  been  produced ;  and? 
very  generally,  from  the  conspicuous  interposition  of 
very  slender  portions  of  clay  or  of  mica.  These  belong 
properly  to  stratification. 

The  schistose  structure  is  one  of  those  which  may 
truly  be  called  concretionary ;  as  it  occurs  in  a  homo- 
geneous rock,  and  is  independent  of  stratification.  It 
is  almost  limited  to  the  argillaceous  schists  ;  yet  not 
necessarily  to  those  which  are  homogeneous,  as  the 
mixture  of  sand,  gravel,  or  fragments,  does  not  prevent 
its  existing  in  the  simpler  base  by  which  these  are 
united.  A  similar  structure  occurs  in  the  sandstone 
of  Sky,  and  it  will  probably  hereafter  be  found  in  other 
instances  where  it  has  been  little  expected ;  in  which 
case  even  the  secondary  strata  may  often  possess  a  truly 
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schistose  or  laminar  structure,  where  the  appearances 
have  been  attributed  to  stratification. 

The  schistose  concretionary  structure  is  not  neces- 
sarily straight,  but  is  sometimes  found  to  be  curved, 
as  in  clay  slate  :  and  that  the  curvature  belongs  to  the 
structure  and  not  to  the  bed,  is  evinced  by  the  regu- 
larity or  evenness  of  the  latter.  It  is  possible  that 
this  circumstance  may  tend  to  explain  some  of  the 
complicated  curvatures  that  occur  in  beds  of  micaceous 
schist  under  similar  circumstances  ;  but  the  suggestion 
was  reserved  for  this  place,  as  it  seemed  that  its  value 
would  here  be  better  understood.  But  that  all  cur- 
vature is  not  of  a  concretionary  origin,  is  proved  by 
the  remarkable  fact  noticed  in  the  ninth  chapter  as 
occcurring  in  the  schist  in  Plymouth  Dock-yard ; 
where  the  contortions  are  marked  by  differences  of 
colour,  and  the  schistose  structure  is  at  angles  to  them. 

It  is  not  unusual,  in  the  argillaceous  schists,  for  the 
observer  to  mistake  the  direction  of  the  schistose  ar- 
rangement for  the  plane  of  the  bed.  It  is  true  that 
these  are  sometimes  coincident,  as  in  the  secondary 
schists ;  but,  in  the  antient  schists,  the  former  is  also, 
perhaps  most  generally,  at  angles,  often  very  consi- 
derable, to  the  plane  of  stratification.  The  mode  of 
making  this  distinction  is  stated  under  the  head  of 
argillaceous  schist. 

Of  the  prismatic  and  columnar  Structures. 

The  phenomena  of  decomposition  might  seem  to 
throw  some  doubt  on  the  existence  of  any  prismatic- 
structure  different  from  the  columnar,  which  is  com- 
monly considered  as  forming  a  separate  division.  It 
is  common  and  well  known  in  granite,  and  it  also 
occurs  in  some  rocks  of  the  trap  family.  It  is  found 
almost  invariably  on  the  large  scale,  and  is  possibly, 
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in  these  cases,  only  a  modification  of  the  laminar 
structure,  produced  by  fissures.  Where  it  occurs  in 
the  sandstones,  it  appears  to  be  more  certainly  refer- 
able to  this  cause.  When  it  was  thought  certain 
that  the  spheroidal  exfoliation  of  the  cuboids  of  gra- 
nite was  a  proof  of  a  spheroidal  concretionary  struc- 
ture, it  was  natural  to  consider  these  as  prismatic 
concretions.  That  will  «till  be  true  should  this  be 
proved;  but  as  some  of  the  cases  of  this  nature  are 
unquestionably  shown,  in  the  chapter  on  the  de- 
struction of  rocks,  to  arise  from  the  action  of  the 
atmosphere,  the  whole  question  must  remain  open  for 
further  inquiry. 

The  columnar  structure,  on  account  of  its  sym- 
metry and  artificial  appearance,  is  unquestionably  the 
most  interesting  of  all  these  modifications:  an  interest 
not  a  little  enhanced  by  the  difficulty  of  explaining  its 
origin.  It  presents  many  varieties,  and  occurs  in  rocks 
of  very  different  characters. 

The  most  remarkable  forms  of  this  nature  are  those 
which  exist  in  the  rocks  of  the  trap  family;  in  the 
history  of  which  will  be  found  the  names  of  the  par- 
ticular substances  in  which  they  occur,  together  with 
such  minuter  details  as  are  not  necessary  for  the  pre- 
sent purpose.  (Chap,  xxxix.)  These  columns  are  of 
various  sizes,  ranging  from  the  diameter  of  even  an 
inch  to  one  of  many  feet,  and.  in  height,  from  a  foot 
to  many  hundred  feet.  They  are  almost  invariably 
associated  in  groups,  so  as  to  occupy  the  whole,  or 
portions,  of  the  stratiform  beds  occasionally  found  in 
the  trap  rocks.  In  these  cases  they  are  generally 
parallel,  with  more  or  less  of  exactness;  but,  in  some, 
they  are  variously  and  irregularly  implicated.  Occa- 
sionally, they  are  even  intermixed  with  amorphous 
matter  of  the  same  nature.  They  are,  commonly, 
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more  or  less  accurately  vertical;  because  the  beds 
which  they  divide  in  a  perpendicular  manner,  are,  in 
the  same  way,  more  or  less  strictly  horizontal;  but 
they  are  also  occasionally  curved  in  a  variety  of  modes. 
They  are,  further,  often  divided  by  transverse  joints,  of 
various  forms,  though  sometimes  simple.  The  angles 
of  these  columns  vary  in  number,  yet  so  that  the  pre- 
valent forms  lie  between  the  four  and  sevensided 
figures;  but  it  is  essentially  necessary  to  remark,  that 
the  contact  is  always  perfect;  neither  vacuity  among 
the  angles,  nor  interval  between  the  approximate  sides 
intervening.  The  more  imperfect  forms  of  this  de- 
scription gradually  pass  into  an  irregular  prismatic 
structure ;  and  that  at  length  becomes  so  indefinite  as 
to  be  confounded  with  a  mere  tendency  in  the  solid 
rock  to  a  vertical  fracture. 

When  these  columnar  traps  are  subject  to  decom- 
position, it  is  sometimes  observed  that  they  desquamate 
in  successive  crusts,  so  that  a  spheroidal  nucleus  at 
last  remains  where  there  was  once  a  prismatic  joint. 
This  has  been  supposed  a  proof  of  a  peculiar  con- 
cretionary structure  giving  rise  to  the  prismatic  form, 
the  arguments  respecting  which  will  be  immediately 
considered. 

As  connected  with  the  trap  rocks  in  their  general 
characters,  it  is  proper  here  to  observe  that  some 
lavas  occasionally  assume  the  same  figures.  It  has 
sometimes  been  said  that  this  occurrence  took  place 
only  where  such  lavas  came  into  contact  with  the 
sea  in  the  course  of  their  progress;  and  it  has  been 
argued  that  a  similar  cause  may  have  produced  the 
columnar  form  in  the  trap  rocks.  But  the  assertion 
is  unfounded,  in  all  respects ;  inasmuch  as  columnar 
lavas  are  found  where  no  water  can  have  been  present, 
and  amorphous  ones  occur  beneath  the  sea. 

If    the  columnar  structure  is  common,  in  sand- 
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stones,  it  must  have  been  overlooked  by  geologists; 
and  the  only  two  instances  with  which  I  am  acquainted 
are  found  in  the  island  of  Rum  and  at  Dunbar,  in 
Scotland.  The  fact  is  noticed  in  the  account  of  that 
rock;  (Chap,  xxxv.)  the  inferences  are  more  usefully 
placed  here. 

The  columns  that  occur  in  the  sandstone  of  Rum 
are  of  small  dimensions^  not  exceeding  a  few  inches 
in  diameter.  They  lie  in  the  stratum,  in  perfect 
contact,  presenting  the  usual  intermixture  of  polygonal 
forms;  and,  what  is  especially  necessary  to  notice,  they 
are  covered  by  a  mass  of  basalt.  At  Dunbar,  the  sand- 
stone in  which  the  columnar  arrangement  is  found,  is 
that  which  is  known  to  be  the  lowest  of  the  secondary 
strata,  and  which,  throughout  a  great  extent  of  coun- 
try, presents  only  the  usual  stratified  character.  The 
columns  are  limited  to  a  small  space,  but  are  of  con- 
siderable dimensions;  attaining  two  feet  or  more  in 
diameter,  and  a  length  of  15  feet  or  upwards.  Where 
this  columnar  structure  occurs,  the  character  of  the 
rock  is  changed  in  a  greater  or  less  degree ;  becoming 
more  compact,  harder,  and,  in  some  places,  passing 
into  a  perfect  but  coarse  jasper.  In  addition  to  this, 
it  presents  the  indications  of  an  internal  concretionary 
structure,  similar  to  that  which  might  be  inferred  to 
exist  in  the  columns  of  trap,  from  the  mode,  already 
mentioned,  in  which  they  are  found  to  desquamate. 
The  transverse  sections  of  each  prism  are  marked  by 
concentric  lines  of  different  colours,  whitish  and 
reddish;  which  conform  accurately  to  the  sides  and 
angles,  towards  the  exterior,  but  become  gradually 
curved  as  they  approach  the  centre;  indicating  the 
probable  existence  of  a  spheroidal  nucleus.  This 
disposition,  it  is  plain,  is  real,  and  unconnected  with 
any  agency  of  the  atmosphere. 

The   columnar  shales  or  argillaceous  iron  stones 
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as  they  have  been  called,  seem  to  be  in  every  respect 
analogous,  and  to  admit  of  the  same  reasoning.  This 
modification  occurs  on  the  large  scale  in  Arran,  as 
well  as  in  Orkney  ;  the  prisms  being  of  large  diameters, 
but  divisible  by  transverse  joints  into  very  flat  tables, 
and  marked  by  other  peculiarities  described  in  the 
account  of  this  substance.  (Chap,  xxxviii.) 

In  trying  to  explain  the  origin  of  this  structure  in 
the  last  named  rocks,  it  is  first  to  be  remarked,  that 
the  appearance  is  limited  to  a  small  portion  of  ex- 
tensive beds  which  elsewhere  preserve  their  natural 
characters;  and  that,  in  both,  particularly  in  the 
sandstone,  there  is  a  simultaneous  change  of  the 
mineral  character  of  the  rock.  The  sandstone  passes 
into  jasper;  that  being  evidently  the  case  only,  where, 
from  being  intermixed  with  clay,  and  thus  approaching 
to  shale,  it  is  of  a  compound  nature.  The  simple 
strata  that  are  found  in  it  are  indurated;  and  the 
purer  sandstone  is  also  hardened,  so  as  to  resemble 
some  of  the  varieties  of  quartz  rock.  These  are 
precisely  the  changes  that  take  place  in  similar  sand- 
stones where  they  are  found  in  contact  with  trap 
rocks ;  appearances  so  well  known  that  it  is  unneces- 
sary to  name  any  examples  except  that  in  Salisbury 
Craig  near  Edinburgh,  and  that  described  by  myself 
at  Stirling  castle:  (Geol.  Trans.) 

It  is  well  known  that  the  masses  of  trap  incumbent 
on  the  upper  strata,  are  often  so  entirely  removed  as 
to  leave  no  traces  of  their  existence ;  and  near  Dunbar, 
there  are  numerous  detached  portions  of  these  rocks, 
which  have  probably  been  once  connected  into  a  conti- 
nuous mass.  It  is  not  therefore  unreasonable  to  suppose 
that  such  a  mass  may  have  once  covered  the  portion 
of  this  sandstone  which  has  undergone  that  change 
to  jasper  which,  in  other  cases,  these  are  known  to 
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produce.  The  following  facts  seem  to  prove  that 
the  columnar  structure  was  the  consequence  of  the 
same  action. 

In  Rum,  the  columnar  sandstone  actually  lies 
-beneath  a  mass  of  trap  ;  so  that  the  fact  of  their 
simultaneous  presence,  at  least,  is  proved.  This, 
it  is  true,  is  as  yet  a  solitary  instance ;  hut  here, 
fortunately,  direct  experiment  comes  in  aid  of  the 
supposition  that  the  action  of  heat  has  produced  the 
columnar  structure  of  sandstone.  The  sandstones 
used  for  the  hearths  of  iron-furnaces,  after  long  ex- 
posure to  the  heat  of  these,  become  divided  into 
polygonal  prisms,  exactly  resembling  those  of  the 
natural  prismatic  sandstones,  on  a  small  scale.  In 
this  case,  there  is  no  shrinking,  as  in  dried  clay,  to 
account  for  the  appearance ;  the  sides  remaining  in 
perfect  contact,  just  as  they  are  found  to  do  in  the 
columnar  traps.  The  same  circumstance  occurs  in 
those  sandstones  which  are  heated  for  the  purpose  of 
making  roads  in  Derbyshire.  Here  therefore  it  is 
directly  proved,  that  heat  is  capable  of  inducing  the 
prismatic  structure  in  a  solid  sandstone ;  and,  that 
this  is  not  the  developement  of  an  original  concre- 
tionary structure,  is  proved  by  the  fact,  that  in  the 
hearthstones  which  have  undergone  this  change,  the 
arrangements  of  the  prisms  is  always  vertical  to  the 
plane  of  the  stone ;  a  remarkable  analogy  to  their 
mode  of  arrangement  in  the  trap  rocks. 

Ignorant  as  we  are  of  the  nature  of  the  concre- 
tionary structure,  it  is  still  certain  that  it  bears  a  kind 
of  analogy  to  crystallization  ;  and  experiment  proves 
that  this  arrangement,  if  it  be  not  rather  a  concre- 
tionary one,  may  take  place  in  rocks,  without  flui- 
dity. It  is  also  remarked  in  the  chapter  on  curva- 
tures, that  a  curved  structure  is  sometimes  developed 
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in  rocks  by  heat.  The  present  discussion  may 
perhaps  render  it  doubtful  whether  this  is  not  rather 
the  generation  of  a  concretionary  structure.  It  is 
impossible  to  pursue  this  argument  further,  for  want 
of  a  greater  store  of  facts.  It  must  be  left  to  make 
that  impression  which  is  all  that  an  imperfected 
train  of  reasoning  is  entitled  to  expect.  Yet,  in  ter- 
minating these  observations,  it  is  right  to  remark, 
that  the  decided  union  of  the  concentric  arrangement 
with  the  prismatic  form  in  the  sandstone  of  Dunbar, 
renders  it  probable  that  this  arrangement  exists  also 
in  the  prisms  of  trap  ;  invisible,  from  want  of  con- 
trasts of  colour  or  texture,  and  developed  only  on 
wasting. 

It  remains  to  inquire  whether  this  fact  may  not  be 
analogically  extended  to  account  for  the  columnar 
form  of  the  trap  rocks.  Different  causes  have  been 
assigned  for  this  by  geologists.  It  has  been  supposed 
to  result  from  the  division  of  a  mass  of  a  soft  and 
moist  material,  by  drying  and  consequent  shrinking ; 
and  it  has  been  attributed  to  crystallization,  from  a 
state  of  igneous  fluidity,  or  from  solution  in  water. 
It  is  useless  to  examine  that  theory  which  conceives 
that  it  arose  from  the  contact  of  fluid  trap  with  water. 
That  would  scarcely  explain  its  nature,  even  were 
this  a  fact  proved;  which,  as  I  have  already  re- 
marked, it  is  not. 

There  is  no  resemblance  between  the  prisms  of 
trap  and  those  formed  by  the  shrinking  of  clay  ;  the 
essential  difference  lies  in  the  absolute  contact  of  the 
former ;  and  that  objection  is  insurmountable.  To 
call  the  arrangement  of  a  basaltic  prism  crystallization, 
is,  on  the  other  hand,  entirely  to  lose  sight  of  the 
true  nature  of  this  mode  of  arrangement,  which  con- 
sists in  the  production  of  definite  geometrical  figures 
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by  the  repeated  addition  of  particles  of  a  definite 
form,  whether  these  be  simple  atoms  or  compounded 
chemical  molecules.  In  the  prisms  of  trap,  the  laws 
of  geometry  and  chemistry  are  equally  violated  ;  and 
the  objection  applies  equally  to  both  modes  of  cry- 
stallization, whether  from  solution  or  fusion. 

On  the  other  hand  it  appears,  that  sandstones  ex- 
posed to  heat  do  assume  the  prismatic  form,  while  it 
is  certain  that  the  trap  rocks  must  have  often  re- 
tained their  heat  long  after  they  had  lost  their  flui- 
dity. It  is  unnecessary  to  draw  out  the  argument 
further.  The  prismatic  form  might  have  occurred 
even  after  the  rock  was  consolidated:  if  any  additional 
facility  is  gained  by  the  supposition,  this  change  may 
be  conceived  to  have  gradually  taken  place  while  a 
state  of  tenacity  still  permitted  a  certain  degree  of 
motion  among  the  parts. 

A  small  and  irregular  prismatic  disposition  is  some- 
times found  in  the  pitchstones,  as  well  as  among  the 
traps ;  and  it  can  scarcely  be  considered  as  more 
than  a  modification  of  the  laminar  form  into  which 
it  passes.  In  certain  argillaceous  ironstones  and 
jaspers,  there  has  also  been  observed  a  prismatic  ar- 
rangement on  a  small  scale  ;  which  is  further  often 
singularly  marked  by  protuberant  joints,  or  by  small 
stripes  or  channels  parallel  to  the  prisms.  A  similar 
disposition  exists  in  that  substance,  called  madreporite 
limestone,  from  its  resemblance  to  an  organic  struc- 
ture. Respecting  these,  there  is  nothing  further 
known,  from  which  an  explanation  of  the  causes  of 
these  arrangements  can  be  derived. 

There  is  yet  one  modification  of  the  prismatic 
structure  remaining,  which  requires  notice  ;  on  ac- 
count of  the  misapprehensions  which  have  been 
entertained  respecting  its  cause,  and  from  its  rnisap- 
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plication  toward  the  support   of  the  views  of  certain 
speculating    geologists.         This    relates   to   the    iron 
stones  known  by  the  name  of  septaria,  which  consist 
of  spheroids,  generally  uniform   on  the   outside,  but 
divided  within  into  polygonal   figures,    of  which   the 
intervals  are  filled  by  calcareous   spar.     It  was   sup- 
posed, that  these  stones  had  experienced  the  influence 
of  fire,  and  that,  in  the  act  of  consolidation,  the  cal- 
careous matter  had  been  separated    from  the  corn- 
pound  mass  ;     it  having  been  conceived  impossible 
that  it  could  have  entered  from   without.     But  the 
solution  of  this  difficulty  is  exceedingly  simple ;    and 
the  occurrence  is  an  obvious  instance   of  the   shrink- 
ing of  a  mass  of  moist  earth.     In   some  of  the  sep- 
taria, the  external  surface  is  not  solid,  but  the  prisms 
reach  it ;  and,    in  these  cases,    the  ease  with  which 
carbonat    of    lime  might  have  entered  into  the  in- 
tervals is  evident.     Where  the  surface,    on  the  con- 
trary, is  unbroken,  it  is   no   less  easy  to  understand 
how,  during  the  drying  of  such  a  nodule  of  clay, 
that  part  would  first  consolidate ;    while  the   interior 
would  necessarily  shrink  and  split,  from   the   dissipa- 
tion of  the  water  through  a  substance  unquestionably 
capable   of  permitting  its   transudation.       The  sub- 
sequent   infiltration  of    lime  into  the  cavities   .thus 
formed,  is  not  only  easy  to  apprehend,    but  is  a  fact 
of  daily  occurrence  in  rocks  of  a  far  more  compact 
nature,  namely   in   the  traps ;    the   amygdaloidal   ca- 
vities of  which  are  filled  in  the   same   manner.      The 
resemblance  of  this  process  to  that  which  takes  place 
jn  the  ammonites  containing  calcareous  spar,  is  abun- 
dantly obvious. 

VOL.  \,  * 
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Of  the  spheroidal  Structure. 

The  spheroidal  structure  is  found  under  different 
modifications;  some  of  which  are  among  the  most 
inexplicable  phenomena  of  this  nature  which  geology 
presents.  The  explanation  of  those  which  approach 
in  their  nature  to  crystallization,  is  not  so  difficult ; 
and  these  examples  servfc,  in  some  measure,  to  con- 
nect two  processes,  otherwise  very  different  in  their 
natures.  The  large  spheroidal  structure  of  granite, 
already  mentioned,  cannot  with  propriety  be  ranked 
with  this  ;  nor  that  which  occurs  in  Trap,  in  Rum, 
and  elsewhere. 

In  the  secondary  sandstones  of  Egg  and  other 
places,  there  are  found  large  spheroids  imbedded  in 
the  ordinary  strata.  These  are  distinguished  by  a 
greater  hardness  of  texture  than  the  surrounding 
rock,  whence  they  are  easily  separated  as  it  wastes 
away.  Their  own  texture  is  also  unequal  between 
the  centre  and  circumference ;  and  it  not  unfrequently 
happens  that  the  superficies  is  cracked  into  polygons. 
How  far  the  influence  of  Trap  may  have  tended  to 
the  production  of  these,  must  be  conjectured  from 
the  circumstances  respecting  the  prismatic  structures 
of  sandstone  formerly  stated,  and  from  the  fact  that 
these  spheroidal  sandstones  also  occur  in  the  vicinity 
of  trap.  I  may  here  add,  that  concretions  of  large 
size  have  lately  been  brought  from  the  new  discovered 
land  of  South  Shetland,  consisting  of  the  halves  of 
very  flattened  spheroids  ;  as  if  such  figures  had  been 
cut  through  according  to  their  equatorial  diameters 
by  a  sharp  tool. 

In  the  argillaceous  limestone,  as  well  as  in  the  ac- 
companying sandstones  of  Sky,  highly  flattened  sphe- 
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roids  of  large  dimensions  are  found  attached  in  pairs 
by  a  cylindrical  stein,  and  imbedded  in  the  surround- 
ing rock  ;  from  which  they  are  easily  separated  after 
its  destruction,  on  account  of  their  superior  hardness. 
They  bear  no  resemblance  to  organic  forms ;  and 
although  they  have  also  been  observed  in  other  parts 
of  Europe,  and  in  other  limestones,  no  explanation 
of  their  origin  has  been  suggested.  These  also  occur 
in  the  vicinity  of  trap  rocks,  in  my  own  experience  at 
least. 

The  smaller  kinds  of  spheroidal  structure  are  more 
numerous,  and  present  greater  variety.  In  the  sili- 
ceous schist  of  the  Shiant  isles  and  Scalpa,  it  is  as- 
certained by  decomposition,  that  the  internal  structure 
consists  of  small  aggregated  spheroids ;  the  intervals 
of  which,  being  of  a  different  nature,  become  con- 
verted into  clay  on  exposure,  leaving  a  botryoidal  sur- 
face. In  the  fresh  rock,  this  cannot  be  suspected. 
The  softer  shales  of  the  former  islands  are  also  fre- 
quently found  to  consist  of  an  aggregation  of  sphe- 
rules not  larger  than  mustard  seed.  In  these  cases 
also,  trap  is  present;  and  it  is  easily  proved  that  the 
rocks  in  question  were  once  the  ordinary  shales  of 
the  coal  strata,  which,  in  undergoing  induration,  have 
also  experienced  this  change  of  structure.  Where 
some  of  the  claystones  of  Arran  are  invaded  by  trap 
veins,  they  assume,  in  some  places,  an  imperfect 
spheroidal  tendency ;  which  gradually  becomes  more 
perfect  where  they  approximate  to  the  trap;  while 
their  substance,  at  the  same  time,  is  converted  into 
an  anomalous  stone  resembling  those  cherts  which 
have  been  sometimes  called  hornstone.  An  inequality 
of  the  internal  texture  is  here  also  ascertained,  by 
the  botryoidal  surface  which  these  assume  on  exposure 
to  the  sea. 

N    2 
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It  is  now  important  to  remark,  that  these  last- 
named  spherules,  wherever  the  forms  are  most  perfect, 
present  a  concretionary  structure  passing  into  one 
which  is  decidedly  crystalline.  Brilliant  fibres  ra- 
diate from  the  centre,  and  are  repeated  at  intervals 
so  as  to  form  successive  concentric  crusts  of  the  same 
nature;  or  else  these  crystalline  spheres  are  surround- 
ed with  crusts  in  which  oo  fibrous  structure  can  be 
traced.  There  is  thus  a  transition  from  the  most 
perfect  crystalline  to  the  most  imperfect  concretionary 
spherule. 

In  attempting  to  explain  these  appearances,  it  is 
interesting  and  important  to  observe  how  these  sphe- 
roidal crystallized  forms  coincide  with  those  which 
occur  in  melted  glass  under  certain  circumstances, 
and  how  accurately  they  resemble  the  analogous  ap- 
pearances produced  in  Mr.  Watt's  well  known  ex- 
periments, where  the  arrangement  was  produced  after 
the  fused  trap  had  lost  its  fluidity.  Thus  it  is  equally 
easy  to  comprehend  how  a  solid  mass  of  any  of  the 
above  named  rocks,  softened,  if  it  is  necessary  to  sup- 
pose so,  without  fusion,  or  otherwise  under  the  long 
continued  influence  of  heat,  might  have  assumed  a 
similar  species  of  structure.  As  also,  in  one  of  these 
cases,  there  is  a  gradual  progress  from  the  most  per- 
fect crystalline  to  the  most  imperfect  concretionary 
arrangement,  there  can  be  no  reason  to  doubt,  that 
in  every  case,  the  latter  may  also  be  produced  by  the 
same  causes.  It  should  here  lastly  be  added,  in  con- 
firmation of  this  theory,  that  a  spheroidal  structure 
of  a  similar  nature  exists  in  the  Trap  of  the  Shiant 
isles.  Those  of  the  granite,  the  porphyry,  and  the 
greenstone,  as  it  is  called,  of  Corsica,  will  naturally 
occur  to  every  geologist. 

A  spheroidal  structure,  terminating  also,  by  wasting, 
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into  botryoidal  forms,  has  been  observed  in  certain 
limestones,  as  in  that  of  Sunderland.  A  similar  ar- 
rangement is  occasionally  found  in  the  sandstones; 
and  sometimes,  in  the  red  varieties,  it  is  indicated  by 
the  presence  of  white  spheroidal  spots,  or  portions. 
Of  these,  no  explanation  has  been  suggested,  and  I 
have  none  to  offer. 

The  spheroidal  structure  of  the  oolithe  limestones 
of  England,  appears  to  be  merely  an  aggregation  of 
rounded  grains,  and  requires  no  notice.  That  of  the 
pisolithes,  which  consists  of  crustaceous  agglutinated 
spherules,  is  probably  the  result  of  a  deposition  from 
water;  the  exact  nature  of  which  is  not  very  apparent. 
I  shall  here  forbear  any  remarks  on  the  spheroidal 
structure  of  pearlstone,  as  it  will  be  noticed  in  its 
proper  place  hereafter.  (Chap,  xl.) 

Of  the  venous>  cavernous,  Jibrous  and  scaly 
Structures. 

In  many  rocks,  it  may  be  observed,  that  where  the 
surfaces  have  been  exposed  to  the  weather,  they 
present  a  reticulated  appearance,  as  if  from  the  in- 
tersection of  veins,  of  a  nature  harder  than  the  general 
mass  of  the  rock.  On  breaking  such  rocks  however, 
no  corresponding  appearances  are  found  in  the  in- 
terior; the  whole  mass  presenting  an  uniform  texture 
and  colour.  This  peculiarity  is  very  frequent  in 
granite;  but  it  occurs  also  in  gneiss,  in  micaceous 
schist,  and  in  the  sandstones.  It  has  been  conceived 
to  arise  from  some  original  structure,  but  is,  at  best, 
a  very  obscure  circumstance.  It  deserves  notice, 
perhaps  principally,  because  it  has  been  used  as  an 
argument  to  prove  that  all  veins  are  of  similar  origin-, 
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or,  in  other  words,  that,  in  the  ordinary  acceptation 
of  the  term,  no  such  thing  as  a  vein  exists.  The 
analogy  is  clearly  one  of  those  superficial  resemblances 
calculated  to  operate  only  on  minds  of  a  similar  struc- 
ture; while,  if  there  is  any  one  fact  in  geology  that 
is  beyond  the  regions  of  dispute,  it  is  that  of  the 
posteriority  of  veins  to  the  substances  which  they 
traverse. 

A  cavernous  structure,  sometimes  rendered  visible 
in  sandstones  by  decomposition,  may  almost  be  con- 
sidered as  a  variety  of  this;  since  the  separation  of 
the  cells  may  be  considered  as  formed  by  such  durable 
intersecting  larniirde.  The  appearances  which  attend 
some  of  these  cavernous  and  reticulating  structures, 
are  often  very  singular;  but  as  they  are  discovered 
only  by  decomposition,  they  are  more  particularly 
noticed  in  the  chapter  on  that  subject.  (Chap,  xiii.) 
That  they  depend  on  some  internal  arrangement  pro- 
duced subsequently  to  the  deposition  of  the  strata, 
can  admit  of  no  doubt;  but,  respecting  the  nature  of 
this,  we  must  as  yet  confess  our  ignorance. 

The  fibrous  structure  is  the  last  which  can  strictly 
be  enumerated  among  the  concretionary  modifications; 
and  it  seems  to  unite  them  with  those  which  are  pro- 
perly of  a  crystalline  nature.  It  is  known  to  occur  in 
the  carbonates  of  lime,  as  in  the  satin  spar  and  in  the 
limestones  of  Egg.  In  the  former,  it  is  more  deci- 
dedly crystalline  than  in  the  latter,  resembling  the 
corresponding  arrangement  so  frequent  in  gypsum. 
It  is  also  not  very  uncommon  in  the  argillaceous 
schists;  in  which,  as  these  are  not  susceptible  of  the 
crystalline  arrangement,  it  must  necessarily  be  referred 
to  the  concretionary  structure.  As  to  other  fibrous 
arrangements  seen  in  rocks,  including  that  which  has 
been  called  bladed,  they  arc  purely  crystalline;  their 
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peculiar   aspect   being   produced   by  the    lengthened 
forms  and  parallel  arrangements  of  the  crystals. 

Of  the  scaly  structure,  it  is  sufficient  to  say  that  it 
is  one  of  those  which,  when  it  occurs  in  rocks  of  a 
crystalline  character,  must  be  considered  as  among  the 
first  in  the  order  of  crystalline  arrangements.  As  a 
consequence  of  the  mechanical  deposition  of  flat  par- 
ticles or  scales,  it  requires  no  notice  in  this  place. 

Of  the  porphyritic,  granular,  and  amijgdaloidal 
Structures. 

The  structure  called  porphyritic  is  purely  crystal- 
line, and  is  that  which  confers  the  peculiar  character 
on  the  porphyries.  It  is  by  no  means  however  de- 
ficient in  interest ;  as  it  is  known  only  in  those  rocks 
which,  from  many  circumstances,  are  proved  to  derive 
their  origin,  from  fusion.  When  indeed  we  consider, 
that  in  this  case,  a  single  crystal  of  a  perfect  form  is 
surrounded  by  an  uncrystallized  mass,  it.  offers  in 
itself  a  proof  of  the  species  of  fluidity  under  which  the 
whole  must  have  been  consolidated.  No  imagination 
can  assign  an  expedient  for  producing  this  effect  from 
a  watery  solution;  while  the  existence  of  the  porphy- 
ritic structure  in  volcanic  rocks,  affords  every  proof  of 
the  nature  of  its  origin  which  can  be  desired. 

The  granular  structures  which  belong  to  the  sand- 
stones and  conglomerates,  being  purely  mechanical, 
need  not  be  noticed  ;  but  that  of  granite  and  the  ana- 
logous rocks,  being  of  a  crystalline  nature,  is  here 
deserving  of  regard.  It  has  been  maintained  that  this 
structure  has  been  the  produce  of  watery  solution,  by 
those  who  still  chuse  to  consider  granite  of  aqueous 
origin.  The  argument,  as  far  as  its  texture  or  struc- 
ture is  concerned,  belongs  properly  to  this  place. 
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Granting  the  greatest  facilities  to  the  preceding 
supposition,  by  admitting  the  solution,  in  water,  of 
earths,  noted  for  the  extremely  limited  degree  in  which 
they  possess  this  property,  and  granting,  still  further, 
that  they  were  able,  under  these  circumstances,  to 
enter  into  all  the  multifarious  combinations  which  are 
to  produce  quarts,  felspar,  mica,  hornblende,  and 
many  other  minerals,  it  remains  to  invent  a  new  pro- 
cess in  the  chemistry  of  crystallization,  by  which  all 
these  combinations  should  have  been  in  an  instant 
deposited  together  in  a  solid  mass.  If  a  successive 
deposition  of  the  different  minerals  be  conceived,  it  is 
impossible  to  explain  the  mutual  interference  which 
takes  place  among  them,  and  which  characterizes  the 
crystalline  granular  structure.  The  imagination  that 
would  produce  such  an  effect  from  such  causes,,  must 
not  be  allowed  to  flit  about  vague  generalities,  but  is 
bound  to  contemplate  steadily  every  minute  circum- 
stance implied  in  such  a  process. 

But  nature  and  art  both  are  ready  to  prove  that 
this  effect  takes  place  without  difficulty  from  fusion. 
The  glasses  of  our  furnaces  separate  into  various 
mineral  compounds  on  cooling.  The  same  results 
take  place  from  the  cooling  of  fused  basalts,  where 
the  previous  combinations  have  all  been  dissolved  by 
one  general  fluidity.  In  the  trap  rocks,  the  granitic 
structure  is  common;  and  these,  it  is  granted,  are  the 
products  of  fusion.  The  lavas  of  volcanoes,  if  it 
could  be  necessary  to  insist  on  facts  so  well  known, 
are  in  a  state  of  liquid  fusion,  in  which  every  integrant 
earth  is  left  free  to  enter  into  such  combinations  as 
the  infinite  complication  of  affinities  may  direct.  If 
these  are  cooled  suddenly,  they  are  arrested  before 
they  can  enter  into  new  compounds,  and  an  uniform 
rock,  or  sometimes  a  glass,  is  the  result.  If,  on  the 


CRYSTALLINE    STRUCTURES    OF    ROCKS.  185 

contrary,  sufficient  time  be  granted,  the  consequence 
is  the  generation  of  numerous  minerals,  producing, 
not  only  the  granitic  structure,  but  the  porphyritic 
also.  It  is  not  necessary  here  to  argue  the  question 
of  graphic  granite,  which  was  originally  brought  for- 
ward to  prove  the  same  conclusion ;  since  the  basis 
of  the  reasoning  is  the  same,  arid  the  nature  of  that 
structure  is  particularly  described  under  the  head  of 
granite.  (Chap,  xxiv.) 

The  last  structure  to  be  noticed  is  the  amygdaloidal, 
and  it  is  convenient  to  examine  it  here,  that  the  whole 
of  the  subject  of  structure,  as  far  as  it  forms  an  object 
of  geological  theory,  should  be  seen  in  one  condensed 
view.  If  the  explanation  of  its  cause  here  given  be 
admitted,  it  will  however  be  seen  that  it  has  no  proper 
title  to  rank  among  the  modifications  of  the  concre- 
tionary structure. 

This  structure  is  limited  to  the  trap  family  and  to 
the  volcanic  rocks.  It  is  universally  admitted,  that 
the  cells  of  volcanic  scoria  have  been  produced  by 
aeriform  matters  disengaged  during  the  process  of 
fusion.  Similar  cells  are  found  in  the  trap  rocks,  a*> 
I  have  elsewhere  shown;  (Chap,  xxxix.)  and  these 
rocks  have  also  been  produced  in  the  same  manner. 

Now  the  cells  which,  in  either  of  these  classes  of 
rock,  contain  the  amygdaloidal  minerals,  differ  in  no 
respect  in  form  and  disposition  from  those  which  are 
empty;  and  if  their  internal  surfaces  be  examined,  it 
will  be  found  that  they  are  often  coated  with  a  similar 
vitreous  varnish.  These  cavities  are  not  always  filled 
with  the  minerals  which  they  contain;  but  present 
vacuities,  in  which  the  crystalline  terminations  of  the 
minerals  are  often  defined.  In  the  next  place,  two 
minerals,  or  even  more,  are  sometimes  found  in  one 
cavity;  in  some  cases  interfering  with  each  other's 
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forms.  Lastly,  similar  cavities  occur  in  the  same 
rocks,  sometimes  of  considerable  size,  yet  connected 
by  a  gradation  of  magnitude  with  the  smaller  cells. 
These  seem  to  be  the  circumstances  most  essential  to 
the  argument  under  review. 

Partly  perhaps  from  the  existence  of  amygdaloidal 
nodules  in  volcanic  rocks,  and  partly  from  a  supposed 
necessity  for  thinking  that  every  mineral  contained  in 
a  trap  rock  must  necessarily  be,  like  its  base,  of 
igneous  origin,  it  has  been  argued  by  those  who  spe- 
culated more  than  they  observed,  and  reasoned  ill  from 
what  they  saw,  that  these  minerals  also  were  the  pro- 
duce of  fusion,  and  that  they  had  been  secreted 
during  the  cooling  of  the  rock,  so  as  to  form  the 
cavities  which  they  occupy.  I  need  not  state  the 
various  minute  details,  sometimes  neither  very  intel- 
ligible nor  very  requisite,  by  which  this  opinion  was 
supported.  The  igneous  theory  of  trap  would  be 
feeble  indeed,  had  it  no  firmer  foundation  than  this  to 
rest  on  ;  while  the  notion  of  such  a  chemical  secretion 
is,  to  say  the  least  of  it,  inconsistent  with  all  our  che- 
inical  experience. 

It  is  quite  intelligible,  that  crystals  of  any  mineral 
should  be  formed  in  a  fluid  mass  of  the  earths,  as  they 
are  in  porphyries  and  in  many  volcanic  products, 
during  the  very  process  of  consolidation  ;  but  it  is  not 
to  be  explained  how  they  should  in  this  manner  form 
rounded  nodules  ;  still  less,  how  the  cavities  which 
include  them  should  ever  be  partially  empty,  or 
present  the  peculiar  surface  already  described.  The 
vacant  spaces  must  have  contained  an  elastic  fluid ; 
and  when  we  find  that  these  vacancies  are  similar  in 
their  forms  and  surfaces  to  the  cavities  which  are 
entirely  filled,  and  to  those  which  are  utterly  empty,  it 
is  a  fair  conclusion  that  the  whole,  alike,  owe  their 
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origin  to  inflation.  It  is  then  into  previous  cavities 
that  the  minerals  of  the  amygdaloids  have  been  de- 
posited;  and  it  only  remains  to  inquire  whether  this 
has  been  effected  during  the  igneous  condition  of  the 
rock,  or  from  posterior  infiltrations  of  a  watery  solu- 
tion of  earths.  It  must  not  here  be  objected,  that  the 
larger  cavities  could  not  have  been  produced  by  infla- 
tion ;  for  it  is  in  those,  more  particularly,  that  the 
proofs  of  watery  infiltration  are  most  satisfactory. 

I  have  shown,  in  the  account  of  the  Western 
Islands  and  elsewhere,  that  stalactites  of  chalcedony 
were  often  found  to  depend  from  the  upper  parts  of 
such  cavities,  partly  filling  the  vacuity.  In  other 
cases,  the  stalactite  is  found  to  correspond  with  an 
inferior  stalagmite  ;  offering  a  case  precisely  resem- 
bling that  which  occurs  in  the  ordinary  calcareous 
stalactites  of  caverns.  Lastly,  the  superior  dependent 
stalactite  is  more  or  less  perfectly  imbedded  in  a 
laminar  chalcedony,  rising  from  the  bottom  of  the 
cavity  which  it  is  at  last  destined  to  fill,  and  thus  to 
form  a  solid  nodule.  If  any  appearances  can  prove  a 
watery  infiltration  of  siliceous  matter,  these  are  of  that 
nature.  In  other  instances,  the  siliceous  stalactite  is 
involved  in  calcareous  spar,  which,  as  in  the  former 
case,  either  leaves  an  empty  space  or  fills  the  whole  ; 
forming  a  compound  amygdaloidal  nodule.  Here,  it 
is  evident  that  the  calcareous  spar  is  posterior  to  the 
stalactite ;  and  thus  also  a  watery  infiltration  of  two 
minerals  into  one  cavity  is  proved. 

It  is  easy  to  extend  this  reasoning  to  the  ordinary 
case  of  the  concentric  agate  nodules,  which  may  or 
may  not  contain  calcareous  spar.  In  these  case&5  the 
siliceous  matter  has  been  deposited  by  a  more  gradual 
infiltration  over  the  whole  of  the  surface  of  the  air- 
vesicle  ;  producing  the  concentric  appearance  of  the 
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coats,  in  consequence  of  the  successive  deposition  of  a 
material  differing  in  texture  or  colour.  If  the  agate 
contains  a  central  portion  of  calcareous  spar,  it  is 
obviously  only  a  variation  of  the  former  case.  It  is 
thus  also  easy  to  explain,  why  the  agate  sometimes 
contains  an  interior  covering  of  siliceous  crystals, 
from  changes  that  have  taken  place  in  the  quality  of 
the  solution  ;  these  presenting  their  usual  geometric 
forms,  or  else  being  confused,  accordingly  as  the 
cavity  is  filled  or  not. 

It  cannot  be  objected  that  siliceous  earth  is  insoluble 
in  water  ;  because  its  solubility  is  proved  by  numerous 
facts,  and  by  none  more  decidedly  than  the  existence 
of  vegetable  remains  in  chalcedony.  And  that  the 
solid  substances  in  question  can  transmit  water,  is 
certain ;  since  it  exists  in  rocks,  and  finds  a  passage 
through  many  much  more  solid  than  the  amygdaloidal 
bases,  as  is  proved  by  the  daily  formation  of  calca- 
reous stalactites.  I  have  also  proved,  that  the  agates 
are  sufficiently  porous  to  transmit  oil,  and  also  sul- 
phuric acid ;  that  property  being  the  basis  of  the 
process  used  for  staining  them  black.  There  is  there- 
fore no  difficulty  in  understanding,  how  the  rocks 
should  admit  the  mineral  solutions  into  their  cavities, 
and  how  the  first  crust  of  agate  should  permit  the 
deposition,  not  only  of  successive  ones  of  the  same 
nature,  but,  from  changes  in  the  nature  of  the  solution, 
of  calcareous  spar  also. 

One  source  for  the  amygdaloidal  nodules  is  thus 
established,  but  it  does  not  follow  that  this  is  the  sole 
one.  The  minerals  which  these  cavities  contain  are 
numerous  and  various,  and  we  have  no  proof  that 
some  of  them  can  be  formed  by  aqueous  deposition ; 
while  it  is  certain  that  they  are  sometimes  produced 
from  fusion,  as  they  are  found  constituting  imbedded 
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parts  of  the  volcanic  rocks.  I  have  shown  (Geol. 
Trans.)  that  silica  can  he  sublimed  by  heat ;  and  the  \r/* 
same  fact  has  been  affirmed  to  occur*in  the  volcanic 
products  of  Vesuvius,  by  observers  whose  testimony 
cannot  be  questioned.  It  is  possible  that  compound  ^ 
minerals  may  be  subject  to  the  same  laws ;  and  it  is 
also  perfectly  intelligible,  how  in  a  fluid  or  tenacious 
rock  containing  the  cavities  produced  by  inflation, 
those  minerals  which  have  sometimes  crystallized  in 
the  general  mass,  should  have  also  protruded  them- 
selves into  the  cavities. 

There  are  probably,  or  possibly,  therefore,  two 
origins  to  be  assigned  to  the  amygdaloidal  nodules, 
both  of  the  trap  rocks  and  the  volcanic  products  ; 
however  the  mode  of  explaining  the  igneous  method 
may  here  differ  from  that  which  has  been  adopted  by 
those  who  were  more  anxious  to  believe  than  able  to 
explain.  Admitting  them  both,  the  question  respect- 
ing the  igneous  origin  of  the  amygdaloidal  bases  of 
the  trap  rocks,  rests  precisely  on  the  same  foundation 
as  before  ;  as  the  essential  circumstance  consists,  not 
in  the  presence  of  the  nodule,  but  in  the  formation  of 
the  cavity  which  contains  it. 

Of  the  Nature  of  the  concretionary  Structure. 

It  remains  to  see  if  any  light  can  be  thrown  on  the 
general  nature  of  this  mysterious  process.  That  it 
differs  essentially  from  crystallization,  was  already 
noticed.  It  is  not  concerned^  either  in  the  disposition 
of  original  and  similar  molecules,  or  in  arranging  them 
into  geometric  forms.  Yet  its  phenomena  bespeak  a 
tendency  in  the  particles,  or  finer  fragments  consti- 
tuting stones,  to  arrange  themselves  by  a  predominant 
attraction,  into  certain  forms  rather  than  others ; 
however  irregular,  or  uninfluenced  by  geometrical 


190  ON     THE    CONCRETIONARY    AND 

rules,  these  may  be.  A  simple  and  obvious  instance 
of  this  tendency  may  be  seen  in  the  disposition  assumed 
by  fine  powders  or  sand  under  water,  where  these  are 
free  to  move.  That  it  exists  in  bodies  fluid  from 
fusion,  is  proved  by  the  appearances  that  occur  in  the 
slow  cooling  of  liquid  basalts  artificially  fused.  Lastly, 
that  it  may  happen  in  solid  bodies,  is  proved  by  the 
phenomena  which  take  p^ace  in  heated  sandstones,  in 
trap  after  it  has  ceased  to  be  fluid,  and  in  solid  glass  ; 
which  undergoes  a  change  of  internal  crystallization 
from  changes  of  temperature,  and  even  effloresces,  as 
in  the  achromatic  object-glasses  of  telescopes.  In  a 
series  of  experiments  instituted  for  the  same  purpose, 
I  have  also  proved  that  every  metal  can  completely 
change  its  crystalline  arrangements  while  solid,  and 
many  of  them  at  very  low  temperatures.  In  fact  the 
power  of  motion  in  the  particles  of  solid  bodies,  is 
proved  by  their  changes  of  dimension  on  alterations  of 
temperature  ;  and  it  is  not  therefore  extraordinary,  that 
in  those  which  have  the  properties  of  crystallizing,  a 
tendency  to  their  peculiar  crystalline  forms  should 
occur.  It  is  also  not  surprising  if,  being  thus  in  motion, 
they  should  assume  other  and  less  regular  forms,  as  they 
do  from  the  fluid  state. 

We  have  no  right  to  assume  that  the  parts  of  such 
matter  may  not  have  the  power,  by  mutual  attraction, 
of  assuming  forms  which  are  not  geometrical,  even 
though  they  should  be  heterogeneous  and  shapeless ; 
knowing  nothing  of  the  nature  and  laws  of  that  force 
by  which  similar  and  definite  molecules  affect  geo- 
metrical forms.  The  limit  between  crystalline  and 
mechanical  attraction  may  be  undefined,  and  so  may 
the  resulting  forms.  Thus  the  concretionary  structure 
may  bear  a  real  analogy  to  crystallization,  or  it  may 
even  be  supposed  a  modification  of  that  process.  We 
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know  that  it  exists  ;  we  are  ignorant  alike  of  the  laws 
of  both.  But  that  they  have  a  real  connexion,  is 
proved  by  the  phenomena  above  recited  respecting 
the  smaller  spheroidal  structures.  In  these,  it  is  abso- 
lutely impossible  to  define  the  point  at  which  the  one 
ceases  and  the  other  commences.  The  radiated  cry- 
stalline spherule  passes  into  one  consisting  of  solid 
unradiated  concentric  crusts  ;  and  that  again,  in  a 
manner  equally  gradual,  into  a  solid  sphere  without 
any  internal  structure. 

I  know  not,  that  at  present,  any  further  light  can 
be  thrown  on  this  obscure  subject.  As  far  as  relates 
to  the  magnitude  of  some  of  the  masses  considered  as 
concretionary,  there  is  no  cause  for  objections.  We 
can  even  see  no  reason  why  nature  might  not  have 
produced  a  crystal  of  mountainous  bulk,  provided  the 
requisite  circumstances  were  present.  The  polar  ten- 
dency of  crystallization  is  often  prolonged  through 
various  obstacles,  as  is  daily  seen  in  minerals  :  it  may 
be  protracted  indefinitely  along  the  atoms  of  a  com- 
pound mass,  as  is  evinced  by  the  granite  vein  in 
Coll  elsewhere  described  ;  (Western  Islands.)  The 
tendency  to  form  certain  concretions  may  equally  be 
unlimited  ;  and  thus  it  needs  excite  no  surprise,  if 
even  the  granitic  laminse  of  the  Alps,  which  have 
been  supposed  the  products  of  an  extensive  but  dis- 
turbed stratification,  have  been  produced  by  a  con- 
cretionary arrangement  analogous  to  crystallization. 
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CHAP.  XII. 

On  the   Origin,  Materials,    Composition,  and 

Analogies,  of  Rocks. 

• 

IF  it  is  the  first  error  of  the  observer  to  see,  like 
the  miner,  but  a  very  limited  number  of  rocks  in  the 
system  of  nature,  it  is  not  long  before  he  falls  into 
one  the  very  reverse;  creating  for  himself  permanent 
distinctions  from  every  incidental  variety  which  comes 
under  his  notice.  Time,  however,  speedily  corrects 
this  error,  and  teaches  him,  that  however  the  aspects 
of  rocks  may  be  multiplied,  Nature  has  limited  these 
productions  by  a  very  confined  set  of  general  and 
constant  characters. 

Of  the  Constituents  of  Rocks. 

A  small  number  only   of  the   Earths   which  Che- 
mistry has  discovered,  forms  the  materials   of  all  the 
rocks;  united,  in  some  cases,  with  alkalies  and  with 
certain  metallic  oxydes.     In   some,   a  single   earth  is 
found;  in  others,  two  or  more   exist;  and  these   are 
either  mechanically  mixed,  or   united  by  the   laws  of 
chemical    affinity.      Thus    are    formed   those    rocks 
which  are  considered   simple;   simplicity,  as  applied 
to  rocks,  meaning  simplicity  of  aspect.     Limestone 
presents  an  example  of  a  rock,  in  every  respect  sim- 
ple; while  basalts  and  clay   slates,  though  simple   as 
rocks,  are  chemical  compounds  or   mechanical   mix- 
tures. 
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Besides  these  distinctions,  the  earths  are  sometimes 
formed  into  separate  minute  bodies,  or  minerals, 
which  are  again  united  so  as  to  constitute  rocks ;  and 
these  may  be,  in  themselves,  either  simple  or  com- 
pound minerals.  Sandstone  offers  an  example  of  a 
simple  rock  of  this  kind;  simple  in  its  chemical 
nature,  but  an  aggregate  as  to  its  general  character. 
Hornblende  rock  is  an  example  of  an  analogous 
aggregate,  but  one  in  which  the  integrant  minerals 
are  chemical  compounds.  But  there  are  differences 
here,  even  in  the  mode  of  aggregation;  which,  in 
some  cases,  result  from  the  chemical  interference  of 
a  simultaneous  crystallization,  in  others,  from  the 
mere  mechanical  approximation  of  the  parts,  and 
lastly,  from  the  union  of  those  two  processes.  Gra- 
nular limestone  is  an  example  of  the  first;  and  in- 
stances of  the  last  are  to  be  found  in  different  varieties 
of  sandstone. 

In  compound  rocks,  different  kinds  of  minerals  are 
visibly  united  into  a  common  mass;  which  thus  pre- 
sents a  sort  of  uniformity  throughout  the  whole,  how- 
ever the  separate  parts  may  differ.  Such  compounds 
may  consist  of  two  or  more  minerals;  and,  within 
certain  limits,  they  seem  to  be  ruled  by  laws  as 
general  as  the  simpler  rocks.  These  compounded 
rocks  vary,  like  the  former,  in  being  purely  crystalline, 
or  otherwise;  and  as  granite  presents  a  familiar  ex- 
ample of  the  first,  so  quartz  rock,  and  some  of  the 
compound  argillaceous  schists,  afford  instances  of  the 
other  two. 

There  is  still  another  description  of  compound 
rocks,  to  which  the  term  conglomerate  has  been 
applied.  In  these,,  not  only  different  minerals  are 
united  in  a  mechanical,  a  mixed,  or  a  chemical  manner, 
but  fragments  of  former  rocks,  either  simple  or  com- 
VOL.  i.  o 
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pound,  also  enter  into  their  structure.  Such  frag- 
ments vary  in  size,  from  the  most  minute  visible 
particles  to  others  of  many  pounds  weight,  or  even 
hundreds;  and  these  rocks  offer,  in  consequence, 
numerous  varieties  which  are  fully  treated  of  in  the 
author's  Classification  of  Rocks. 

The  earths  which  produce  the  minerals  that  form 
the  ordinary  or  essential  ingredients  of  rocks,  are 
silica,  alumina,  lime,  and  magnesia.  If  the  others  are 
occasionally  found,  it  is  rather  in  those  minerals  which 
cannot  be  considered  essential  to  the  constitution  of 
rocks,  but  which  are  frequently  imbedded  in  them. 
To  these  earths  must  be  added  iron  in  different  states 
of  oxydation,  and,  from  some  observations  which  I 
have  made,  in  that  of  a  carbonat  also.  Potash  and 
Soda  are,  lastly,  essential  ingredients  in  some  rocks; 
and  it  remains  to  be  proved  whether  Lithion  may 
not  sometimes  be  present  where  one  or  other  of  these 
has  been  suspected.  As  the  earths,  as  well  as  the 
alkalies,  are  now  known  to  be  oxydes,  and  as  it  is  also 
known  that  silica,  at  least,  acts  the  part  of  an  acid  in 
some  mineral  combinations,  it  is  probable  that  we 
have  much  yet  to  learn  respecting  the  origin  and  for- 
mation of  many  rocks:  but  whatever  splendid  pro- 
balities  may  open  on  us  from  this  new  source  of 
knowledge,  we  are  scarcely  yet  able  to  build  any 
rational  conjectures  on  it. 

The  simple  minerals  formed  of  these  substances, 
and  which  constitute  the  essential  ingredients  of  all 
rocks,  are  quartz,  felspar,  mica,  hornblende,  hyper- 
sthene,  diallage,  augit,  serpentine,  compact  felspar, 
actinolite,  chlorite,  talc,  and  schorl.  Some  of  these 
are,  however,  far  more  abundant  than  others ;  nor  is 
it  easy  to  define  the  limit  between  them,  and  those 
which  mav  be  considered  accidental,  or  which  are 
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occasionally  imbedded  in  rocks  as  their  natural  re- 
positories. It  is  sufficient  to  quote  as  examples,  gar- 
net, which  is  sometimes  abundant  in  micaceous  schist, 
or  sparingly  dispersed,  or  altogether  absent,  without 
affecting  its  essential  characters,  and  spodumene  or 
corundum,  which  may  thus  exist  in  granite. 

If  we  consider  the  great  number  of  minerals  in 
nature,  thus  generally  distinguished  into  essential  and 
unessential,  or  if  even  we  limit  our  views  to  those 
which  may  be  considered  as  most  essential,  it  Js  in- 
teresting to  observe  how  few  are  the  rocks  which  are 
produced  from  them.  If  the  varieties  are  most  nu- 
merous in  the  primary  or  older  series,  they  are  still 
confined,  and,  within  certain  limits  of  variation,  very 
constant.  In  the  later  rocks,  they  are  still  more  limited. 

When  we  reflect  on  the  circumstances  under  which 
the  primary  rocks  at  least  have  been  produced,  they 
are  confined  to  a  much  less  number  than  would  have 
been  anticipated.  As  most  of  the  minerals  of  ordinary 
occurrence  are  formed,  for  example,  of  the  earths 
which  exist  in  granite  and  gneiss,  we  might  have  ex- 
pected to  find  garnet,  corundum,  or  andalusite,  in 
every  mass  of  these;  instead  of  being,  as  they  are, 
limited  to  a  few  occasional  specimens.  Nor  is  it 
always  very  easy  to  account  for  those  distinctions  be- 
tween gneiss,  micaceous  schist,  quartz  rock,  or  other 
substances,  which  occur  in  the  same  antient  series; 
distinctions  which,  on  the  great  scale,  are  really  steady 
and  definite,  notwithstanding  the  occasional  interfe- 
rences of  character  that  occur  in  particular  instances. 
That  these  have  been  regulated,  however,  partly  by 
mechanical  and  partly  by  chemical  laws,  is  certain; 
and  though  we  cannot  perhaps  explain  every  case,  it 
will  immediately  be  seen  that  we  are  in  possession  of 
general  principles  applicable  to  the  solution  of  the 
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question  at  large.  Original  differences  in  the  mate- 
rials are  the  foundations  of  the  leading  distinctions; 
and  the  remainder  must  be  sought  in  chemical  actions. 
Thus  also,  changes  or  alternations  are  the  results  of 
changes  in  the  materials,  combined  sometimes  with 
variations  of  the  chemical  forces  or  affinities.  Hence 
it  also  is,  that  rocks  preserve  the  same  characters 
wherever  they  occur  ;  a. circumstance  otherwise  cal- 
culated to  excite  our  surprise.  In  every  other  de- 
partment of  nature,  her  productions  vary  according 
to  the  climate  and  situation,  but  granite  is  the  same 
in  Egypt  and  in  Greenland.  It  is  with  the  laws  of 
organization  alone  that  climate  interferes. 

As  the  secondary,  or  later,  strata  have  been  chiefly 
formed  from  the  waste  of  these  antient  and  definite 
rocks,  it  is  less  surprising  that  they  should  preserve  a 
general  constancy  of  character  throughout  the  globe, 
however  individuals  may  vary  in  different  places.  Even 
these  variations  are  still  remarkable ;  as  well  from 
their  steadiness,  as  from  the  extent  through  which 
that  uniformity  can  sometimes  be  traced.  The  dif- 
ference between  compact  limestone  and  chalk,  is  no 
less  remarkable  than  the  similarity  which,  in  distant 
places,  occurs  between  strata  which  we  can  scarcely 
conceive  to  have  formed  parts  of  one  deposit.  It  is 
worthy  of  remark  however,  that,  in  the  secondary 
strata,  the  most  conspicuous  variations  occur  in  the 
limestones  ;  and  these,  it  is  obvious,  have  been  sub- 
ject, in  many  instances,  to  chemical  laws,  as  well  as 
to  the  influence  of  organized  bodies,  from  which  the 
others  have  been  comparatively  exempted.  That  the 
secondary  strata  should  contain  sandstone  and  schists, 
is  easily  accounted  for,  by  recollecting  that  these 
must  be  the  result  of  the  destruction  of  the  older 
rocks  ;  the  more  durable  mineral  remaining  distinct, 
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while  the  compound  ones  have  been  reduced  to  pow- 
der. That  they  alternate,  is  the  consequence,  partly 
of  distinctions  in  the  deposited  materials,  partly  of 
the  hydrostatic  actions  by  which  substances  unequally 
gravitating  in  water  are  separated,  and  partly,  of 
animal  growth  and  reproduction. 

On  the   Consolidation  of  Rocks. 

As  almost  all  the  rocks  have  been  formed  out  of 
our  sight,  the  mode  in  which  the  earths,  or  simple 
minerals,  have  become  consolidated  into  these  forms, 
is  to  us  a  matter  of  inference  from  analogy  ;  not  of 
observation.  If  discussion  could  have  determined 
this  question,  it  would  have  been  solved  long  since ; 
as  most  of  the  schemes  which  have  been  called  Theo- 
ries of  the  earth,  have  been  chiefly  engaged  in  this 
pursuit,  and  as  neither  argument  nor  assumption  has 
been  spared  in  attempting  to  establish  the  exclusive 
views  of  many  of  these  theorists.  To  record  the 
terms  under  which  the  different  partizans  have 
thought  fit  to  array  themselves,  would  be  to  foster 
and  perpetuate  an  opposition,  often  arising,  more 
perhaps  from  the  colours  of  the  different  banners  than 
from  the  merits  of  the  cause. 

Fortunately,  all  rocks  have  not  been  formed  in  the 
depths  of  the  earth,  and  fortunately  also,  it  is  in  the 
power  of  art  to  produce  some  of  these  substances 
from  indiscriminate  mixtures  of  their  elements.  It  is 
our  business  to  try  how  far  we  can  extend  analogies 
from  the  visible  to  the  invisible,  from  the  present  to 
the  past.  If  this  process  will  not  carry  us  far,  it  is  at 
least  the  only  rational  mode  of  investigation  in  our 
power. 

Volcanoes   are   among  the    most   active    and    im- 
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pressive  sources  of  those  rocks  which  are  now  daily 
forming  on  the  surface  of  the  globe.  By  the  agency 
of  their  fires,  the  earths  are  ejected  in  a  state  which, 
as  far  as  we  know,  is  merely  that  of  mixture,  arid 
united  in  the  fluidity  of  fusion.  By  repose  during  a 
process  of  slow  cooling,  various  combinations  take 
place  in  these  fluid  masses  ;  and,  according  to  cir- 
cumstances which  we  ar$  but  imperfectly  able  to  ap- 
preciate, there  are  formed  numerous  rocks,  either 
apparently  simple,  or  compounded  of  the  different 
minerals  that  have  been  formed  by  the  contending 
affinities  of  the  materials.  These  processes  are  imi- 
table  by  art  ;  which,  having  first  reduced  the  natural 
compounds  furnished  in  basalt  or  other  rocks,  to  a 
fluid  and  uniform  glass  in  the  laboratory  fires,  dis- 
poses them  so  as  to  cool  during  long  repose  in  a 
gradual  manner.  Thus,  by  the  slow  cooling  of  the 
most  compounded  materials  of  the  glass-house  fur- 
nace, various  imitations  of  rocks  are  formed ;  and 
thus,  more  precisely,  the  greenstones  of  the  trap 
family  are  destroyed  and  again  regenerated. 

In  examining,  now,  those  rocks  which  have  been 
formed  out  of  our  sight,  we  find  one  family  which 
produces  many  counterparts  to  the  volcanic  rocks, 
namely,  the  family  of  trap.  So  absolute  indeed  is 
the  identity  between  many  members  in  each  set,  that 
no  eye  nor  any  analysis  can  distinguish  them.  To 
attempt  to  prove  this  by  an  enumeration  of  specimens 
in  each,  would  be  only  to  give  a  list  of  names  that 
would  carry  no  conviction.  But  no  more  convincing 
proof  is  wanted  than  this  ;  that,  to  this  moment, 
geologists  continue  to  dispute  about  what  belongs  to 
the  trap  family  and  what  is  of  volcanic  origin  ;  not 
only  in  countries  remote  from  volcanoes,  or  no  longer 
containing  the  marks  of  former  activity,  not  only  in 
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the  Vivarais  and  the  Euganean  hills,  but  at  the  very 
seats  of  living  volcanoes. 

If  therefore  out  of  a  common  mass  of  rock,  or 
among  many  different  ones  evidently  formed  under 
the  same  circumstances,  there  are  parts  which  bear 
all  the  marks  of  an  origin  similar  to  that  of  volcanic 
rocks,  it  is  evident  that  the  whole  must  be  referred 
to  the  same  source,  with  certain  exceptions  arising 
from  collateral  circumstances  which  will  find  a  better 
place  in  treating  of  this  family  hereafter.  Thus  ana- 
logy, resemblance,  and  experiment,  confirm  that 
opinion  respecting  the  trap  rocks  which  would  be  in- 
ferred from  the  peculiarities  of  their  chemical  con- 
stitution ;  and  thus  also  they  confirm  the  conclu- 
sions elsewhere  drawn  from  their  peculiar  disposi- 
tion, and  from  the  nature  of  their  connexion  with  the 
various  conterminous  rocks  among  which  they  are 
found. 

It  is  but  a  step  from  the  trap  rocks  to  granite;  and 
if  the  identity  of  specimens  is  not  always  so  perfect, 
or  the  resemblance  so  general  and  extensive  between 
these  and  the  volcanic  rocks,  the  analogical  reasoning 
is  quite  as  unexceptionable.  I  have  shown  in  another 
place,  (Chap,  x.)  that  many  rocks,  forming  integrant 
portions  of  a  granite  mass,  are  undistinguishable  from 
many  of  the  traps,  and  that  among  these,  there  are 
many  that  resemble  the  productions  of  volcanoes. 
Here  then  is  an  identity,  even  between  granites  and 
volcanic  rocks  ;  and,  here  also,  what  is  true  respecting 
the  origin  of  one  part  of  the  mass  must  be  true  re- 
specting the  whole.  If  that  inference  appears  to  be 
drawn  closer  than  the  circumstances  seem  to  warrant, 
we  may  carry  it  through  the  intermediate  stage  of 
trap;  and  having  thus  proved  the  identity  of  this  rock 
with  the  volcanic  products  on  the  one  hand  and  with 
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granite  on  the  other,  apply  a  common  mathematical 
axiom  to  the  conclusion. 

If  it  be  said  that  volcanoes  do  not  produce  perfect 
granite,  it  must  still  be  recollected  that  they  produce 
compounds  of  an  analogous  nature  in  every  respect. 
Fanjas  indeed  had  said  that  lavas  never  contained 
(juartz,  but  Breislak  has  produced  numerous  instances 
of  this  ;  while  Dolomieu^mentions  quartz,  felspar,  and 
mica,  as  forming  the  white  lavas  of  Ischia,  and  de- 
scribes some  of  them  as  being  "  almost  granitic."  It 
was  also  shown  that  the  trap  rocks  often  assumed  the 
characters  of  perfect  granite  ;  so  that,  by  this  inter- 
mediate step,  the  several  products  which  are  most 
distant  are  again  associated.  Even  admitting  that  the 
volcanic  rocks  stood  exclusively  at  one  extremity  of  a 
scale  of  chemical  compounds,  and  the  granites  at  the 
other,  the  trap  rocks,  containing  examples  of  both, 
form  the  common  link  by  which  they  are  united. 
This  view  of  the  chemical  origin  of  granite  is  con- 
firmed by  the  same  set  of  appearances  which  confirm 
it  in  the  case  of  the  trap  family,  and  which  are  fully 
described  in  other  parts  of  this  work. 

It  is  not  difficult  to  assign  probable  reasons  for  the 
differences  in  the  chemical  appearances  of  the  rocks 
in  these  three  distant  productions.  They  have  how- 
ever already  been  sufficiently  pointed  out;  and  it  was 
shown  that  they  probably  consisted,  in  a  great  mea- 
sure, in  differences  of  the  time  through  which  the 
fused  materials  had  cooled:  circumstances  confirmed 
by  a  great  number  of  collateral  appearances  already 
mentioned;  though  in  many  cases,  there  can  be  no 
doubt  that  great  differences  have  resulted  from  the 
different  proportions  of  the  several  earths  in  the  fused 
compounds. 

It   is  unnecessary  to   repeat,  that  the  production  of 
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granite  from  solution  in  water,  is  incompatible,  equally, 
with  its  mineral   and  geological  characters  and  with 
the  laws  of  chemistry;  because  negative  arguments 
can  have  no  weight  with  those  who   form,  what  are 
popularly  called  opinions,  without  evidence,  or  against 
it.     To  the  insolubility  of  the  earths,  and  to  the  im- 
possibility of  thus  producing  a  simultaneous  and  con- 
fused crystallization,  it  is  unnecessary  to  add  that  of 
the  abstraction  of  the  solvent.     Those  who  have  re- 
torted  on   the   theory  of  consolidation   from   igneous 
fluidity,  that  quartz  is  not  fusible,  have  only  shown 
that  ordinary  ignorance  of  chemistry  which   has  at- 
tended most  of  these  disputes;  by  not  knowing  that 
the  earths  separate  from  the  general  mass,  to  form 
minerals,  according  to  the  laws  of  chemical  affinity. 

Thus,  from  chemical  analogies,  there  is  assigned  to 
all  the  unstratified  rocks,  that  origin  which  was  already 
deduced  from  various  other  considerations:  and  thus 
there  is  proved  to  exist  a  division  of  rocks  formed 
exclusively  by  the  agency  of  heat.  It  will  now  be 
convenient  to  begin  the  remainder  of  this  examination 
at  the  other  extreme* 

Where  water  holding  carbonat  of  lime  in  solution 
is  gradually  evaporated,  there  are  formed  calcareous 
concretions  which  often  attain  a  great  size  through 
age,  and  which,  under  peculiar  circumstances  of  cry- 
stallization, are  sometimes  not  very  different  in  aspect 
from  certain  limestone  rocks.  Under  different  cir- 
cumstances, similar  waters  deposit  their  contents,  so 
as  to  form  rocks  of  great  depth  and  extent,  producing 
veal  calcareous  strata.  The  Travertine  of  Italy  ap- 
pears to  be  one  of  the  most  perfect  examples  of  this 
nature.  These  simple  and  recent  calcareous  rocks 
become  compounds,  in  cases  where  the  calcareous 
solution  lias  entangled  fragments  of  shells,  as  it  does 
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in  the  West  Indian  islands  at  this  day,  or  where  it  has 
united  fragments  of  discordant  natures,  as  it  does  on 
the  shores  of  Messina  and  on  many  of  our  own  sea 
coasts.  Thus  calcareous  rocks,  both  simple  and  com- 
pound, are  formed  by  water.  Lastly,  rocks  of  this 
nature  are  now  daily  produced  in  many  parts  of  the 
great  ocean,  by  the  efforts  of  marine  animals;  the 
deserted  coralline  structure  being  cemented,  partly  by 
the  actions  of  the  animals  themselves,  and  partly  by 
that  of  the  sea  on  the  calcareous  earth,  tri  the  same 
manner,  antient  submarine  piers,  as  at  Carthage,  be- 
come cemented  through  lapse  of  time,  into  masses  of 
solid  rock,  by  the  intervention  of  shell  fish  and  the 
solution  of  their  calcareous  matter.  In  this  way, 
calcareous  rocks  are  formed,  partly  by  chemical 
agency,  and  partly  by  that  of  submarine  animals. 

Where  iron  becomes  converted  from  the  metallic 
or  oxydulous  state  to  that  of  rust,  it  becomes  the 
cement  of  all  the  smaller  materials  within  its  reach ; 
and  thus  sandstone  is  often  formed  on  sea  shores,  in 
sand  and  gravel  beds,  and,  very  probably,  to  a  consi- 
derable extent,  in  the  noted  ferruginous  sand  stratum 
of  England. 

Thus  two  modes  of  producing  rocks  by  the  agency 
of  water  are  demonstrated.  It  remains  to  inquire 
what  probability  there  is  that  the  same  agent  can  con- 
vert silica  to  that  end ;  as  we  cannot  produce  any  in- 
stances so  perfect  of  its  absolute  action  in  that  way. 

The  solubility  of  silica  in  water  cannot  be  a  matter 
of  dispute,  however  difficult  it  may  be  to  effect  its 
solution  in  our  laboratories.  In  the  chapter  on  the 
formation  of  veins,  I  have  produced  nearly  all  the  in- 
stances of  this  nature  that  are  required  for  the  present 
purpose ;  but  I  may  here  add  to  these,  its  actual  so- 
lution in  the  hot  waters  of  Iceland  and  Italy,  and  the 
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consequent  production  of  siliceous  tufas  and  stalac- 
tites. To  convert  this  property  to  the  present  pur- 
pose, it  is  not  requisite  that  the  solution  be  very  ex- 
tensive, or  very  rapid.  If  we  conceive  this  agent 
operating  for  a  long  series  of  years  in  a  mass  of  loose 
sand  or  of  clay,  it  is  not  difficult  to  see  that  the  final 
result  must  be,  in  the  first  instance,  the  formation  of 
a  sandstone,  and,  in  the  other,  probably,  that  of  a 
schist.  That  this  is  the  fact  in  nature,  is  almost  de- 
monstrable from  the  frequent  partial  occurrence  of 
sandstones  in  beds  of  loose  sand,  and  from  the  mixed 
chemical  and  mechanical  texture  of  almost  all  the 
solid  sandstones  in  nature.  This  effect,  it  is  true, 
has  been  attributed  by  certain  philosophers  to  the 
action  of  heat.  But  to  adduce  as  an  agent,  that 
which  cannot  be  shown  capable  of  producing  a  given 
effect,  while  we  are  in  possession  of  one  that  has  the 
desired  power,  is  to  abandon  sound  reasoning  for  the 
sake  of  maintaining  a  species  of  fictitious  analogy, 
which,  after  all,  is  not  necessary  for  the  support  of 
that  theory  by  which  it  was  so  anxiously  defended. 

Thus  there  have  been  demonstrated  two  distinct 
sets  of  causes  for  the  formation  of  rocks;  the  first 
chiefly  applicable  to  the  unstratified  substances,  and 
the  last  to  the  formation  or  consolidation  of  strata. 

It  has  been  objected  to  the  possibility  of  aqueous 
consolidation,  by  those  who  have  laboured  much 
more  to  dictate  a  system  of  geology  than  to  deduce 
one,  that  a  liquid  solvent  could  not  exclude  itself 
from  the  pores  of  the  rock  after  depositing  the  conso- 
lidating matter;  that  it  should  therefore  remain 
within  the  stone,  or  else  leave  the  body  pervious  to 
water  ;  "  neither  of  which  is"  said  to  be  "  the  fact." 
On  the  contrary,  both  of  these  are  facts.  That  which 
was  asserted  not  to  exist,  by  those  who  did  not  know 
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what  did  exist,  and  reasoned  as  indifferently  when 
they  knew  it,  is  true.  The  presence  of  water  in 
stones  is  so  universal  that  I  have  never  yet  seen  any 
rock  in  which  it  was  not  found,  when  that  could  be 
procured  quickly  from  a  sufficient  depth.  It  is  con- 
tained even  in  granite  and  in  the  trap  rocks ;  and  the 
great  change  of  colour  and  hardness  which  many  of 
the  latter  undergo  after  bejng  formed  into  specimens, 
is  owing  to  its  evaporation.  Thus,  specimens  of  au- 
git  rock,  which  have  the  waxy,  soft  look  and  green 
colour  of  serpentine,  when  fresh  broken,  become 
black  in  a  few  days.  It  was  mentioned  when  treating 
of  the  flexibility  of  rocks,  that  small  granite  veins 
were  sometimes  found  perfectly  soft  in  the  quarry  ; 
and  these  harden  in  a  few  days,  apparently  by  the 
evaporation  of  their  water  and  the  consequent  preci- 
pitation of  silica,  or  else  by  the  nearer  approximation 
of  their  parts.  In  Sky,  as  I  formerly  mentioned,  I 
have  found  masses  of  granular  quartz,  or  sandstone, 
which  could  be  moulded  by  the  hand  when  first  taken 
from  the  earth,  but  which,  in  the  same  manner,  be- 
came solid  in  a  few  days.  In  all  these  cases,  the  loss 
of  weight  proves  the  presence  of  water,  as  it  does  the 
porosity  of  the  stones.  Even  the  common  quartz  of 
veins  contains  water  under  the  same  circumstances  ; 
losing  both  weight  and  transparency  on  drying,  as  I 
have  proved.  The  porosity  of  stones,  as  well  as  the 
presence  of  water,  are,  thus,  both  demonstrated  by 
the  same  facts.  But  the  former  property  ought 
never  to  have  admitted  a  doubt ;  since  the  compact- 
ness of  flint  and  agate  are  apparently  far  greater  than 
that  of  any  rock,  compound  or  simple,  and  since 
these,  give  passage  to  water,  to  oil,  and  to  sulphuric 
acid,  as  I  have  shown  in  an  essay  on  this  subject. 
That  the  water  in  stones  is  actually  saturated,  with 


AND  ANALOGIES,  OF  ROCKS.          205 

earths,  and  probably  with  silica  or  lime,  appears  to 
be  also  proved  by  certain  appearances  which  take 
place  on  breaking  and  drying  some  of  these.  In 
marbles  raised  very  wet  from  the  quarry,  a  whitish 
dusty  surface  soon  follows,  from  the  deposition  of 
the  carbonat  of  lime  ;  and  a  similar  deposition  of 
silica  will  account  for  that  grey  tarnish  which  is  pro- 
duced on  pitchstones  within  a  very  few  hours  after 
the  specimens  are  broken  from  the  rock ;  during 
which  process  of  drying  they  also  become  far  more 
compact,  or  less  tender.  Thus  the  objection  in  ques- 
tion falls  to  the  ground  ;  were  it  even  necessary  that 
the  process  of  consolidation  should  be  reserved  for 
that  time  at  which  the  whole  stratum  was  completed. 
It  is  quite  easy,  on  the  contrary,  to  conceive  that  it 
has,  in  many  cases,  proceeded  gradually,  even  during 
the  deposition,  as  it  actually  does  in  the  case  of  tra- 
vertino.  It  is  a  very  lax  chemical  view  of  such  a 
process,  to  imagine  the  necessity  of  a  solvent  entering 
to  deposit  its  contents,  and  then  "  excluding"  itself. 

Of  the  different  Rocks,  and  the  Modes  of  their 
Consolidation . 

Now,  though  a  large  portion  of  the  strata  of  the 
globe  may  have  been  brought  into  that  form  by  this 
last  process,  or  by  aqueous  solution,  and  that  a  con- 
siderable portion,  at  least,  of  the  secondary  ones  pro- 
bably owe  their  origin  or  consolidation  to  this  cause, 
there  are  many  strata,  particularly  in  the  primary  or 
older  series,  to  which  it  is  impossible  to  apply  it  so  as 
to  explain  all  the  appearances  which  they  present. 

There  is  nothing  in  the  character  of  quartz  rock,  as 
far  as  I  have  examined  it,  to  prevent  it  from  having 
been  consolidated  to  its  present  condition  from  the 
long-continued  application  of  an  aqueous  solution  of 
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silica.  But  that  it  was  deposited  from  water,  originally, 
in  the  state  of  sand  and  gravel,  is  rendered  evident 
from  the  rounded  and  foreign  fragments  of  discordant 
rocks  which  it  often  contains.  At  the  same  time, 
there  is  no  reason  to  deny  that  it  may  have  been 
exposed  to  the  action  of  heat,  as  it  is  still  capable  of 
undergoing  that  without  suffering  any  change.  That 
it  was  consolidated  by  heat  we  cannot  prove ;  and  are 
scarcely  in  a  condition  to  deny  that  it  may  have  been 
partly  indebted  for  its  constitution  to  that  cause.  We 
are  indeed  almost  certain  that  quartz  sand  can  be 
converted  into  solid  and  continuous  quartz  by  heat ; 
since,  as  elsewhere  noticed,  analogous  effects  take 
place  in  the  vicinity  of  trap,  and  as,  in  Fife,  a  bed  of 
such  quartz  is  found  among  the  coal  strata,  in  the 
neighbourhood  of  that  substance,  probably  indurated 
from  the  state  of  an  ordinary  sandstone. 

If  shale  could  be  indurated  from  water  alone,  there 
would  be  no  reason  to  deny  that  the  same  cause  may 
have  operated  in  the  primary  argillaceous  schists ; 
while,  that  they  have  been  deposited  from  water,  is 
proved  by  the  fragments  and  the  shells  which  they  so 
often  contain.  Here  again,  however,  we  are  in  the 
same  condition  as  with  regard  to  quartz  rock ;  unable 
to  prove  that  it  may  not  have  experienced,  in  some 
degree,  the  action  of  heat,  as  we  know,  from  observa- 
tions on  the  siliceous  schists,  that  shells  are  not 
necessarily  obliterated  in  these  circumstances.  But 
that  action,  if  it  existed,  cannot  have  been  very  great ; 
as  we  are  certain,  both  from  experiment  and  observa- 
tion, that  it  is  either  fused  or  indurated  to  siliceous 
schist  by  this  cause.  The  very  existence  of  that  sub- 
stance in  the  vicinity  of  trap  and  granite,  produced  by 
the  action  of  these  rocks  on  shale  and  slate,  not  only 
prove  this  fact,  but  show  the  verv  limit  where  the 
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action  of  heat  ceases.  Yet  I  must  remark,  that  the 
action  of  heat  on  the  argillaceous  schists  may  have 
been  short  of  producing  this  effect,  and  yet  have 
caused  others  analogous  to  those  which  occur  in 
micaceous  schist.  Such  is  the  formation,  within  them, 
of  hollow  spar  or  other  minerals,  which  we  cannot 
attribute  to  any  cause  but  this. 

Thus,  two  important  members  of  the  primary  strata 
may  have  been  indurated  from  water  alone ;  and  ye* 
they  appear  also  to  have,  in  some  cases,  been  affected 
by  heat,  perhaps  even  indurated  by  it.  With  respect 
to  limestone,  it  is  now  known,  both  by  direct  experi- 
ment and  by  observation  on  the  effect  produced  by 
trap  veins  on  chalk,  that  it  may  be  crystallized  from 
fusion,  provided  the  escape  of  the  carbonic  acid  is 
restrained.  It  has  been  shown  that  it  is  equally 
consolidated  from  water ;  and  on  examining  this  lime- 
stone in  its  various  associations,  its  origin  must  pro- 
bably, in  some  instances,  be  referred  to  one  of  these 
causes,  in  others,  to  the  other.  It  is  probable,  for 
example,  that  all  the  limestones  associated  with  clay 
slate  are  derived  from  watery  deposition  and  crystal- 
lization ;  though  even  these  may,  like  the  slate  itself, 
have. been  affected  by  heat;  but  it  is  much  more  than 
probable  that  those  associated  with  gneiss  have  received 
their  present  condition  from  the  latter  agent.  This 
opinion  is  justified  by  many  circumstances  ;  such  as  by 
their  giving  passage  to  granite  veins,  by  the  change  of 
chemical  texture  and  composition  which  they  present 
in  these  cases,  and  by  the  crystallization,  within  them, 
of  minerals  similar  to  those  found  in  gneiss,  such  as 
garnet,  hornblende,  augit,  and  others,  which  could  not 
have  been  deposited  from  water  so  as  to  have  entered 
into  the  confused  crystalline  arrangement  of  the  rock 
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in  the  manner  which  they  do.  That  limestone  is 
actucilly  thus  consolidated  after  fusion,  even  in  large 
masses,  is  also  proved,  as  far  as  any  thing  relating  to 
the  influence  of  trap  is  proved,  by  the  conversion  of 
conchiferous  secondary  strata,  in  those  situations,  into 
crystalline  limestone ;  a  fact  occurring  very  extensively 
and  demonstrably  in  Sky,  and  recorded  in  my  work  on 

the  Western  Islands. 

• 

With  respect  to  Serpentine,  the  whole  question  is 
as  yet  involved  in  darkness.  It  is  not  known  that  it 
can  he  formed  from  water,  and  I  have  proved,  that  as 
it  passes  into  trap,  it  can  he  formed  by  fusion. 

All  the  scaly  schists,  of  which  micaceous  schist 
may  here  represent  the  whole,  present  characters 
which  are  scarcely  explicable  without  admitting  the 
action  of  both  these  agents.  The  stratified  disposition 
and  the  laminar  form,  give  indications  of  a  deposition 
from  water;  and  if  any  doubt  of  that  could  remain, 
it  is  removed  by  finding  that,  in  many  places,  it  con- 
tains fragments  of  discordant  rocks,  of  granite,  for 
example,  limestone,  and  quartz  rock.  It  has  further 
been  held,  that  the  parallel  position  of  the  mica  is  in 
itself  a  sufficient  proof  of  deposition,  because,  it  is 
the  necessary  position,  and  because  the  same  circum- 
stance exists  in  the  micaceous  sandstones,  so  analogous 
to  it,  which  are  actually  deposited  from  water.  But 
this,  if  probable,  is  an  equivocal  circumstance;  as  I 
have  observed  that,  in  hypersthene  rock,  a  member 
of  the  trap  family,  and  even  in  some  rare  trap  veins 
that  contain  mica,  in  the  Western  islands,  as  well  as 
in  veins  of  antient  porphyry,  the  flat  crystals  of  hy- 
persthene in  one  case,  and  the  mica  or  pinite  in  the 
others,  preserve  that  parallelism  which  must  here  be 
attributed  to  the  polarity  of  crystallization  operating 
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extensively;  an  action  which  I  have  also  elsewhere 
shown  to  have  been  sometimes  exerted  throughout 
the  felspar  of  granite  veins. 

But  admitting  now,  as  it  cannot  be  denied,  that 
micaceous  schist  was  deposited,  like  the  secondary 
micaceous  sandstones,  from  water,  and  consolidated 
by  the  same  means,  it  presents  characters  which  can- 
not be  accounted  for  by  this  process.  If  its  flexibility 
has  not  been  the  consequence  of  heat,  which  I  have 
elsewhere  attempted  to  prove  that  it  has,  the  pecu- 
liarities of  its  crystalline  texture  and  occasional  con- 
tents cannot  be  explained,  without  admitting  that  it 
has  been  exposed  to  a  heat,  sufficiently  intense  and 
sufficiently  durable,  to  permit  these  minerals  to  be 
formed  in  the  same  manner  as  they  are  in  granite 
and  in  the  volcanic  rocks.  The  condition  and  ex- 
istence of  garnet,  hornblende,  tourmaline,  staurotide, 
and  other  minerals,  are  inexplicable  by  any  mode  of 
watery  deposition,  and  still  less  by  any  subsequent 
crystallization  from  water. 

This  argument,  which  applies  generally  to  all  the 
stratified  rocks  that  contain  superfluous  minerals, 
crystallized  within  them,  and  not  rounded  by  trans- 
portation, is  illustrated  by  what  happens  in  cases 
where  strata  have  been  exposed  to  the  action  of  trap 
rocks,  and  where  the  influence  of  heat  is  more  gene- 
rally admitted.  Thus,  at  Poussac,  near  Bagnieres, 
there  are  limestones  which  have  been  affected,  and 
indurated,  or  otherwise  changed,  by  the  contact  of 
basalt;  and  it  is  here  remarkable,  that  while  the  purer 
ones  are  simply  rendered  crystalline,  the  earthy  pro- 
duce made,  actinolite,  and  tremolite.  This  is  exactly 
analogous  to  what  happens  where  granite  invades 
primary  and  earthy  limestones;  and  where  the  partial 
change,  and  similarly  partial  presence  of  such  minerals, 
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confirm,  both  this  view,  and  what  was  just  said 
respecting  the  primary  calcareous  strata  them- 
selves. 

As  to  diallage  rock,  and  the  more  antient  red  sand- 
stone, the  same  processes  of  reasoning  apply  to  them 
as  to  those  rocks  to  which  they  are  analogous ;  but 
hornblende  schist  requires  a  particular  consideration. 
This   is  an  extremely  fusible   compound,  and  its  pe- 
culiar crystalline  texture  proves  that  it  could  not  have 
been  deposited  from  water;  in  which  indeed  its  earths 
are    insoluble,   and  from   which  they  could  not  have 
been  precipitated  in  such  a  form.     It  is,  besides,  pre- 
cisely  analogous    to    many    greenstones   of  the  trap 
family;  from  which  indeed  it  is  often  so  little  distin- 
guishable,  that  it  has  been   confounded   with   them 
under  the  name  of  primitive  greenstone.     That  it  is, 
further,  actually  produced  by  heat,  is  evinced  by  find- 
ing that  the  argillaceous  schists,  when  in  contact  with 
granite,    are    actually    converted    into    it.      Whether 
simple,  or  compounded  of  hornblende    and  felspar, 
the  same  reasoning  applies  to  it.     It  is  nevertheless 
admitted,  that  its  original  materials  have  been  deposited 
from  water,  and  thus  its   laminar  and  stratified  dis- 
position is   explained.     That  it  has,  further,  consisted 
of  clay  or  schist,  is  rendered  probable,  not  only  by 
the  numerous  facts  occurring  in  the  trap   rocks,  but 
by  that  very  striking  analogy  in  which  beds   of  shale 
beneath  trap  are  actually  converted  into  Lydian  stone; 
a  substance  differing  from    it,    almost   solely  in  the 
compactness  and  uniformity  of  its  texture. 

But  indeed,  as  far  as  a  single  fact  can  prove  such  a 
case,  the  origin  of  hornblende  schist  from  clay  slate 
is  completely  established  by  the  occurrence,  in  Shet- 
land, of  a  mass  of  the  latter  substance  alternating 
with  gneiss  and  approximating  to  granite.  Here, 
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those  portions  which  come  into  contact  with  the 
latter,  become,  first,  siliceous  schists,  and,  ultimately, 
hornblende  schist;  so  that  the  very  same  bed  which 
is  an  interlamination  of  gneiss  and  clay  slate  in  one 
part,  is,  in  another,  the  usual  alternation  of  gneiss  and 
hornblende  schist. 

We  thus  lastly  arrive  at  gneiss;  a  rock  which  often 
bears  the  marks  of  igneous  consolidation  in  a  still 
greater  degree  than  those  of  aqueous  deposition,  but 
in  which  it  is  almost  unquestionable  that  both  have 
been  combined.  Where  gneiss  is  at  a  distance  from 
granite,  its  laminar  and  stratified  disposition  is  most 
perfect;  where  in  its  vicinity,  that  is  most  obscure; 
so  obscure  indeed  as  at  length  to  disappear.  This 
is  precisely  what  might  be  expected  to  happen  on 
this  view  of  its  double  origin ;  namely,  the  application 
of  heat  in  unequal  degrees,  to  a  series  of  beds  deposited 
from  water,  and  probably,  like  quartz  rock,  originally 
consolidated  from  it  also.  Where  it  is  most  remote 
from  granite,  although  its  mineral  materials  should 
be  the  same,  they  are  disposed  in  a  different  manner; 
or  are  more  rigidly  laminar  and  more  independent. 
Where  it  is  most  immediately  in  the  vicinity  of  that 
rock,  and  more  particularly  when  it  abounds  in  gra- 
nite veins,  the  structure  becomes  analogous  to  that  of 
granite,  or  to  one  in  which  there  is  that  mutual  pene- 
tration of  crystals  which  can  take  place  only  in  a  fluid 
of  fusion.  At  length  it  actually  passes  into  the  con- 
tiguous granite;  losing  that  parallelism  of  the  parts, 
and  those  last  remains  of  the  laminar  disposition,  which 
had  gradually  been  decreasing. 

It  is  by  no  means  difficult  to  imagine  this  combi- 
nation of  causes  and  of  effects:  a  state  of  softening 
or  semifusion,  sufficient  to  allow  the  integrant  parts 
of  a  stratified  watery  deposit  to  enter  into  new  com- 
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binations,  and  to  recrystallize  without  the  loss  of  the 
original  marks  of  stratification,  These  indeed  are 
often  preserved  in  gneiss,  by  the  alternate  interposition 
of  beds  and  laminae  of  hornblende,  and  by  that  only; 
just  as,  in  the  watery  joint  deposit  of  sandstone  and 
shale,  the  latter  substance  is  often  the  only  indication 
of  stratification  that  can  be  procured.  That  such 
recrystallization  can  take  place  in  a  rock  which  is 
heated  to  a  point  short  of  actual  fluidity,  is  proved; 
and  that  strata  can,  in  nature,  lose  all  their  indications 
of  watery  deposition,  while  they  preserve  the  stratified 
shape  under  a  new  mineral  form,  is  evinced  by  the 
existence  of  siliceous  schists  beneath  trap,  already 
quoted.  A  greater  degree  of  heat  and  a  longer 
continuance  of  it,  are  all  that  are  required  to  produce 
the  differences  in  these  cases;  and  the  fact  of  the  fre- 
quent interposition  of  hornblende  schist  between  beds 
of  gneiss,  is  strongly  confirmatory  of  the  consistency 
and  truth  of  these  views.  Thus  also  the  transition 
of  gneiss  into  granite  becomes  a  phenomenon  of  easy 
solution. 


Of  the  general  Causes  of  Consolidation. 

I  need  not  here  terminate  this  view  of  the  conso- 
lidation of  these  primary  rocks,  by  any  general 
inquiries  respecting  the  origin  of  the  heat  or  its 
diffusion.  Nothing  can  be  said  on  this  subject  that 
has  not  been  said  elsewhere;  and  whatever  difficul- 
ties may  occur  in  attempting  to  apply  these  prin- 
ciples rigidly  to  every  case  that  may  be  examined, 
it  can  only  be  said,  that  this  theory  offers  a  general 
and  obvious  solution  of  the  facts;  and  that  if  it 
cannot  be  exactly  fitted  to  meet  every  exigency,  it 
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is  no  more  than  must  happen  in  every  similar  case 
of  a  general  principle,  when  we  are  not  in  possession 
of  all  the  collateral  circumstances  by  which  it  may 
have  been  modified. 

In  thus  deducing  from  the  agencies,  both  of  heat 
and  of  watery  solution,  the  consolidation  of  all  the 
stratified  rocks,  and  in  limiting  these  according  to 
the  various  circumstances  which  have  been  indicated,  it 
must  be  apparent  that  the  power  granted  to  the  former 
is  comparatively  small,  and  that  it  is  not  here  sup- 
posed to  have  acted  beyond  the  range  of  the  more 
antient  rocks,  probably  not  through  the  whole  of  these. 

That  it  has  operated  in  the  consolidation  of  the 
secondary  strata  at  large,  is  rendered  improbable, 
by  a  variety  of  circumstances  which  I  need  not 
enumerate,  because  they  have  frequently  been  urged 
against  the  whole  theory. 

But  in  admitting  that  the  great  mass  of  the  secon- 
dary strata  has  been  consolidated  by  a  watery  agent 
it  must  be  remembered  that  there  is  a  wide  difference 
between  the  consolidation,  and  the  precipitation  of 
the  same  substances  from  water.  If  every  one  of 
these  rocks  did  not  give  the  most  unquestionable 
proofs  of  its  having  originated,  either  in  the  ruins  of 
more  antient  rocks  or  in  the  spoils  of  animals,  it 
would  be  a  sufficient  argument  against  precipitation 
from  a  watery  solution,  that  it  involves  every  species 
of  chemical  and  mechanical  impossibility  that  can  be 
included  in  a  proposition  so  simple.  It  is  unnecessary 
at  present  to  detain  the  reader  a  moment  longer  on 
an  hypothesis  that  would  create  and  destroy  oceans 
at  its  pleasure,  yet  find  them  ineffectual. 

It  has  indeed  been  suggested,  that  if  the  original 
heat  of  the  globe  was  considerable,  the  water  must 
have  formed  an  atmosphere  producing  a  degree  of 
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pressure  that  might  have  rendered  many  earths  far 
more  soluble  than  we  know  them  to  be,  in  what  re- 
mained fluid  of  that  water,  thus  heated  to  some  un- 
known temperature.  On  a  speculative  opinion  of  this 
nature,  I  need  offer  no  remarks,  in  an  inquiry  which 
rests  on  better  kinds  of  evidence  and  probability. 

No  notice  has  yet  been  taken  of  the  power  of  mere 
pressure,  either  in  actually  consolidating  rocks  or  in 
assisting  their  consolidation.  Yet  it  is  an  agent  not 
to  be  overloooked  ;  and  when  we  consider  the  enor- 
mous weight  to  which  the  strata  must  have  been  sub- 
jected, it  is  very  easy  to  conceive  that  its  power  can- 
not always  have  been  inefficient.  The  occasional 
compression  and  fracture  of  imbedded  shells,  proves 
that  it  has  sometimes  really  acted ;  and  if  even  the 
most  delicate  of  these  bodies  are  generally  preserved, 
it  only  proves  that  they  were  well  supported  by  the 
surrounding  materials,  not  that  they  have  not  been 
subjected  to  great  pressure.  In  our  own  experiments, 
with  forces  far  inferior,  clay  can  be  compressed  into  a 
substance  as  hard  as  shale  ;  and  there  are  many  of 
the  schists  riot  so  hard  as  the  heterogeneous  mixture 
which  is  forced  into  a  rocket,  though  composed  of 
materials  from  which  such  an  effect  could  scarcely  be 
anticipated. 

Of  the  Analogies    among  different  Rocks,     and  of 
their  Resemblances  to  unconsolidated  Strata. 

Having  thus  attempted  to  assign  probable  causes 
for  the  consolidation  of  the  original  materials  of 
rocks,  it  will  not  be  useless  to  attempt  to  trace  these 
through  their  progress  ;  to  inquire  if  it  is  possible  to 
discover,  in  the  component  parts  and  disposition  of 
the  most  antient  rocks,  any  resemblance  to  the  loose 
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matters  which  are  now  daily  deposited  beneath  the 
waters  of  the  present  earth. 

If  we  examine  the  deserted  seat  of  an  inland  lake, 
we  discover  beds  of  compact  mud  intermixed  with 
leaves,  or  of  mud  with  land  shells,  or  of  sand,  or  of 
peat,  or  of  all  these,  in  one  or  more  series  of  alter- 
nations. Abstracting  the  question  as  it  relates  to 
peat,  we  have  here  an  analogy  to  the  rocks  of  a  coal 
series.  The  mud  with  its  plants,  or  shells,  represents 
the  different  shales  and  limestones ;  and  the  sandstone 
is  the  counterpart  of  the  sand  bed.  The  whole  re- 
quires consolidation  only,  to  render  it  an  ordinary 
series  of  rocks. 

In  sinking  through  the  ancient  sestuaries  of  the 
sea,  long  filled  up  and  converted  into  dry  land,  si- 
milar beds  of  mud  and  clay,  of  marine  shells  entan- 
gled in  mud,  and  of  sand  and  gravel,  are  found ; 
varying  in  number,  in  thickness,  in  the  order  of  repe- 
tition, and  in  the  quality  or  nature  of  the  remains, 
in  almost  every  place.  It  is  unnecessary  to  point 
out  more  distinctly  a  similar  analogy  in  these  prepa- 
rations for  a  series  of  secondary  rocks  ;  but  it  ob- 
viously requires  only  a  repetition  of  the  same  deposits, 
sufficiently  frequent,  to  produce  the  whole  series  of 
secondary  strata.  At  what  period  the  act  of  conso- 
lidation may  have  taken  place,  we  have  no  means  of 
knowing ;  yet  as  far  as  our  observations  have  yet 
reached,  we  have  no  positive  evidence  that  any  ex- 
tensive operations  of  this  nature  are  now  going  on, 
excepting  those  formerly  mentioned.  The  process 
may  possibly  be  too  slow  to  fall  within  the  sphere  of 
our  investigations. 

If  the  more  antient  strata  have  been  formed  from 
similar  materials,  they  should  possess  an  analogy  to 
the  secondary  ;  and,  admitting  such  differences  as 
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may  be  accounted  for  by  the  circumstances  of  dif- 
ference in  respect  to  consolidation  to  which  they  have 
been  exposed,  we  should  find  among  them  a  set  of 
alternations  analogous  to  the  sandstone,  shale,  and 
limestone  of  the  latest  series.  Such  an  analogy  can 
indeed  be  traced,  nor  is  it  very  imperfect.  It  must 
be  obvious,  that  a  great  part  of  the  differences  that 
do  exist,  is  explained  by  admitting  the  effects  of  heat 
on  them  ;  and  it  may  be  supposed  that  there  have 
also  been  some  differences  in  the  rocks  from  which 
the  materials  of  these  strata  were  originally  deposited. 
But,  as  to  the  whole  mass,  there  is  still  one  leading 
difference  remaining,  of  great  importance,  and  on 
which  some  light  may  at  least  be  thrown,  if  it  cannot 
be  fully  explained.  It  consists  in  the  very  great  dis- 
proportion of  limestone  in  the  two  series  ;  that  rock 
being  abundant  in  the  later,  and  comparatively  rare 
in  the  earlier  strata. 

The  formation  of  Coral  islands  proves  that  enor- 
mous and  solid  masses  of  calcareous  rock  are  the 
produce  of  animals  alone ;  and  when  we  reflect  on  the 
magnitude  of  some  of  these,  we  have  no  reason  to  be 
surprised  at  the  extent  of  those  rocks  which,  among 
the  secondary  strata,  are  composed  chiefly  of  shells. 
Were  we  even  to  suppose  that  every  particle  of  the 
largest  bed  of  limestone  known,  was  originally  part 
of  the  body  of  a  shell,  we  should,  as  far  as  the  bulk  of 
the  mass  is  concerned,  assume  nothing  that  would 
not  be  countenanced  by  the  magnitude  of  the  great 
coral  reef  of  New  Holland.  If  the  most  minute 
animals  of  creation  can  thus,  by  their  numbers,  exe- 
cute, unassisted,  works  of  such  enormous  magnitude, 
and,  as  navigators  think,  within  spaces  of  time  com- 
paratively limited,  it  is  far  from  unreasonable  to  be- 
lieve that  the  succession,  through  unnumbered  ages, 
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of  animals  so  far  exceeding  these  in  bulk  and  in  the 
relative  quantity  of  their  calcareous  produce,  should 
have  generated  all  the  calcareous  strata  in  the  secon- 
dary series. 

It  is  not  necessary  here  to  ask  whence  the  calcareous 
matter  has  been  derived,  or  to  suppose  that  it  is  an 
animal  product.  That  difficulty  is  at  present,  unques- 
tionably, insurmountable;  but,  in  this  case,  it  is  of  no 
moment.  It  can  form  no  objection  to  the  power  of 
oysters  or  pectines  in  producing,  by  their  own  energies, 
a  bed  of  limestone;  because  the  fact,  however  inex- 
plicable, is  rendered  unquestionable  by  the  generation 
of  coral  from  sea  water.  That  very  extensive  beds  of 
calcareous  matter  may  be  produced  by  animals,  and 
from  their  remains,  is  also  incontestably  proved  by  the 
oolithe  limestones,  and  by  those  deposits  of  shell  marl 
so  often  found  in  fresh  water  lakes.  In  many  such 
cases  in  the  Highlands  of  Scotland,  it  can  easily  be 
demonstrated  that  this  is  their  sole  origin;  because  we 
can  trace  the  courses  of  the  streams  by  which  the 
lakes  have  been  fed,  and  ascertain  that  they  could  not 
have  carried  down  calcareous  matter;  their  origin  and 
progress  lying  among  siliceous  strata. 

It  must  be  admitted  indeed,  that  whatever  calcareous 
beds  may  be  at  this  moment  preparing  at  the  bottom 
of  the  ocean,  the  probable  germs  of  future  strata,  they 
will  be  formed,  like  the  shales  and  sandstones,  from 
the  ruins  of  the  present  calcareous  secondary  rocks; 
and  that  the  operations  of  shell  fish  will  constitute 
only  a  part  of  the  causes  of  their  production.  Nor 
need  it  be  denied  that  such  has  been  the  case  to 
a  certain  degree  in  former  times:  but  that  the  as- 
sistance afforded  by  the  ruins  of  primary  calcareous 
rocks  has  been  very  trifling,  will  appear  evident  from 


218     ON    THE    ORIGIN,    MATERIALS,    COMPOSITION, 

a  mere  arithmetical  comparison  which  can  scarcely 
deceive. 

Every  thing  proves  that  the  present  secondary 
strata  are  the  produce  of  more  antient  rocks;  and 
these  must  have  been  the  immediate  successors  of 
those  which  are  now  the  primary ;  as  we  have  no 
reason  to  imagine  that  there  has  been  a  distinct  series 
which  has  entirely  vanished.  The  proportions  of  the 
different  materials  in  the  produce,  ought  therefore  to 
bear  a  certain  relation  to  those  in  the  original  repo- 
sitories ;  or,  if  there  was  a  difference,  it  would  be  ex- 
pected to  be  in  favour  of  the  most  yielding  materials, 
schist  and  limestone.  But  if  we  examine  the  quantity 
of  limestone  in  the  primary  strata,  it  will  be  found 
very  small.  What  the  exact  proportion  to  the  other 
rocks  may  be,  throughout  the  world,  is  not  known; 
but,  in  Britain,  it  certainly  does  not  amount  to  a  ten 
thousandth  part  of  the  whole.  But  among  the  se- 
condary strata  of  England,  the  limestones  bear  a  far 
larger  proportion  to  the  siliceous  and  argillaceous 
rocks.  If  we  were  to  assume  only  the  ratio  of  one 
hundredth,  it  would  answer  the  purposes  of  the  pre- 
sent argument ;  and  there  is  nothing  unreasonable  in 
referring  the  origin  of  the  British  secondary  strata  to 
the  British  primary  rocks,  with  the  necessary  excep- 
tions, of  course,  as  to  these  calcareous  strata.  This 
however  is  a  matter  of  indifference;  as  the  general 
fact,  taking  the  whole  world,  is  indisputable. 

Thus  it  may  fairly  be  inferred,  that  while  the  sili- 
ceous and  argillaceous  secondary  strata  have  been 
formed  from  the  ruins  of  more  antient  rocks,  a  large  part 
at  least  of  the  calcareous,  is  the  produce  of  animals. 
Hence  also  it  must  appear,  that  from  the  operations 
of  animals.,  the  quantity  of  calcareous  earth  deposited 
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in  the  form  of  mud  or  stone,  is  always  increasing; 
and  that  as  the  secondary  series  far  exceeds  the  pri- 
mary  in   this   respect,  so   a  third  series,   should  one 
hereafter  arise  from  the  depths  of  the  sea,  will  exceed 
the  last  in  the  proportion  of  its  calcareous  strata.     It 
will  combine  the  ruins  of  the  last  limestones  with  the 
spoils  of  the  present  animals :  animals,  of  which  the 
generations  are  also  probably  enlarging  and  extending 
in  every  age,  in  a  ratio  proportioned  to  the  increase  of 
those  calcareous,  or  soft  alluvial  and  submarine  de- 
posits which  they  affect  and  favour.     Those  who  ex- 
tend the  prophetic  eye   of  philosophy  to  worlds  yet 
unborn,  may  also  thus  anticipate  a  constant  and  steady 
approach  to  that  universal  state  of  fertility  which  is 
now  the  character  and  the  pride  of  our  calcareous  soils. 
If  we  now  turn  our  views  backwards  to  the  primary 
rocks,  we  find,  in  the  disposition  of  their  limestones, 
a  confirmation  of  this  opinion  respecting  the  import- 
ant agency  of  living  animals  in  the  production  of  cal- 
careous strata.  It  has  always  been  believed,  or  at  least 
asserted,  by  geologists,  that  no  animal  remains  existed 
among  the  primary  rocks;  and  to  avoid  a  breach  in 
this  hypothesis,  among  other  reasons,  the  transition 
class  was  invented.     I  shall  not  here  discuss  the  truth 
or  the  utility  of  this  invention.     It  is  sufficient  to  say, 
that  the  schists  containing  shells  appertain  to  those 
rocks  admitted  to  be  not  secondary,  and  that  the  only 
general  revolution  among  the  strata  which  we  know, 
is   of  a  later  date  than  these.     So  far  as  the  present 
purpose  is  concerned  therefore,  the  animal  remains  of 
the  schists  are  primary,  in  as  far  as  they  are  prior  to 
the  secondary  strata.     Nevertheless,   the   animal   re- 
mains of  the  primary  strata,  admitting  among  them 
those  now  named,  so  as  to  give  the  most  favourable 
colour    to    the    subject,   bear   a  disproportion  to  the 
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whole  of  the  rocks,  riot  unlike  that  which  the  lime- 
stones do  to  the  siliceous  and  argillaceous  strata.  This 
should  be  expected  from  the  presumed  rarity  of  these 
animals  in  the  antient  ocean. 

It  has  been  supposed  by  some  geologists,   that  all 
the  calcareous  strata,  of  whatever  age,  were  the  ex- 
clusive produce  of  animals.     That  possibility  is  coun- 
tenanced by   the   phenomena   of  the   Coral   islands ; 
though  the  accessary  causes,   arising  from  the  decom- 
position of  previous  limestones,  must  be  admitted  as 
far  as  regards  the  secondary  strata.      But  the  mere 
existence  of  primary  limestones  thus  operating  by  their 
destruction   to  assist  in  producing  new  ones,   is  not 
itself  a  proof  that  these  are  original,  and  independent 
of  animal  sources.     The  existence  of  animal  remains 
in  primary  schists  has  just   been   mentioned  ;    and  I 
have  elsewhere  described  one  instance  in  which  these 
occur  in  a  calcareous   quartz   rock   situated   beneath 
gneiss.     Thus   far,  they    might  have  contributed  to 
the  production  of  even  the  primary  limestones ;  and  if 
they    are   not   more    frequently   found    among    them, 
causes  for  that  are  not  wanting. 

In  the  first  place,  primary  limestones  are,  not  only 
comparatively  rare,  but  geologists  having  adopted  the 
hypothetical  opinion  that  they  ought  not  to  contain 
animal  remains,  make  it  a  rule  invariably  to  rank  such 
instances  among  their  transition  series ;  without 
thinking  it  necessary  to  investigate  the  subject  by  the 
rigid  rules  of  pure  geological  analysis :  by  position, 
and  relation  towards  the  neighbouring  strata.  It  is 
further  obvious,  that  the  primary  rocks  have  undergone 
great  disturbance,  and,  in  many  instances,  serious 
changes ;  and,  even  among  the  secondary  strata,  in 
such  cases,  the  animal  remains  are  often  obliterated. 
The  fusibility  of  limestone  has  already  been  demon- 
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strated  ;  and  it  has  already  been  proved,  that  many  of 
the  primary  strata  hear  marks,  scarcely  to  he  dis- 
puted, of  the  action  of  long-continued  heat.  Thus  it 
is  to  he  expected  that  their  organic  remains,  if  they 
ever  existed,  should  have  been  obliterated  ;  and  if  this 
has  not  happened  in  the  case  just  quoted  of  shells 
under  gneiss,  it  may  be  attributed  to  the  nature  of  the 
bed  in  which  they  lie.  Proofs  of  the  truth  of  this 
view  are  found  most  distinctly  detailed  by  nature  in 
Sky,  and  in  the  Isle  of  Mann ;  as  I  long  ago  indi- 
cated, and  as  has  been  since  confirmed  on  the  continent 
of  Europe.  Where  the  conchiferous  beds  are  actually 
converted  into  pure  crystalline  limestone  by  the  action 
of  the  incumbent  trap,  that  is  undistinguishable  from 
the  primary  rocks  of  the  same  kind,  and  all  the  shells 
have  disappeared ;  while,  in  some  parts  of  the  grada- 
tion between  the  stratified  and  fused  rock,  their 
gradual  loss  of  form,  and  final  obliteration  may  be 
traced. 

Having  thus  disposed  of  one  great  branch  of  the 
analogy   between    the   primary  and    secondary  rocks 
it  is  necessary  to  see  what  may  be  inferred  respecting 
the  remainder. 

The  difference  between  shale  and  slate,  or  between 
the  primary  and  secondary  argillaceous  schists,  is  often 
so  small  as  to  have  been  a  source  of  error,  even  among 
experienced  geologists.  If,  when  separated  from  their 
connexions,  there  are  specimens,  particularly  among 
the  oldest  of  the  shales,  which  no  care  nor  practice 
could  distinguish  from  the  primary  schists,  the  re- 
semblance between  the  sandstones  and  quartz  rock 
is  often  equally  accurate  ;  though,  in  a  general  sense, 
the  latter  is  distinguished  by  its  superior  compactness 
and  more  predominant  crystalline  texture.  Where 
quartz  rock  contains  mica,  it  may  be  compared  to  the 
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micaceous  sandstones,  from  which -it,  in  fact,  differs 
only  in  compactness  ;  and,  where  felspar  is  an  ingre- 
dient, it  is  obvious  that  it  bears  an  analogy  to  the 
argillaceous  ones. 

Here  then,  in  primary  limestone,  quartz  rock,  and 
argillaceous  schist,  we  trace  an  analogy,  not  of  a  very 
remote  nature,  to  the  secondary  strata  ;  showing  that, 
with  certain  variations,,  from  causes  not  difficult  to 
comprehend,  nature  has  repeated  herself  at  consider- 
able intervals  of  time,  and  has  been  guided  by  laws 
of  great  general  simplicity.  It  remains  to  extend  this 
analogy  one  step  further  ;  but  the  difficulties  increase, 
as  might  be  expected,  at  each  remove. 

In  micaceous  schist,  we  find  an  analogy  to  mica- 
ceous sandstone  too  obvious  to  be  disputed ;  and 
whatever  varieties  of  composition  it  may  present,  they 
depend  on  different  proportions  of  the  micaceous 
ingredient ;  the  predominance  of  which,  in  particular 
cases,  may  probably  be  attributed  to  the  nature  of  the 
rocks  from  which  its  materials  were  derived,  possibly 
from  the  state  of  heat  to  which,  as  before  remarked,  it 
has  been  exposed.  Its  other  peculiarities  have  already 
been  explained  in  a  similar  way.  Gneiss,  if  we  con_ 
sider  its  materials,  holds  a  parallel  with  a  sandstone 
containing  clay  and  mica ;  and  here,  although  the 
analogy  becomes  finally  very  feeble,  there  is  a  chain 
through  the  varieties  of  this  rock  which  connects  it 
with  the  secondary  sandstones  as  perfectly  as  quartz 
rock  is  thus  traced.  The  causes  for  the  evanescence 
of  this  analogy,  have  been  already  shown  to  consist  in 
the  posterior  influence  of  heat,  causing  it  to  approxi- 
mate to  granite,  and,  finally,  to  graduate  into  it.  It  was 
then  also  shown,  that  the  action  of  heat  converted 
shale  into  hornblende;  and  thus,  in  the  frequent 
alternations  of  gneiss  and  hornblende  schist,  we 
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have  an  exact  counterpart  of  that  alternation  so  com- 
mon between  the  oldest  of  the  secondary  sandstones 
and  its  concomitant  shale.  I  need  not  dwell  longer  on 
this  question  as  far  as   regards  detail;  but  the  whole 
admits    of   one    general    conclusion,   considerably    at 
variance  with  the  popular  opinions  of  geologists  and 
systematic  writers  respecting  the  differences  of  rocks. 
It  has  been  always  said  that  these  differences  were 
inexplicable,  and  that  we   could  not  account   for  the 
great  variety  of  rocks  in  nature,  still  less  for  that  con- 
stancy which  they  retain   under  their  variations,  nor 
for  the  alternations  of  the  different  kinds.  Now  I  have 
shown,  that  as  far  as  their  varieties  are  concerned,  we 
have,  with  magnesia,  but  three  materials,,  lime,  clay,  and 
quartz,  and  that  these,  either  simply,  or  in  combina- 
tions which  are  chiefly  binary  and  between   the  two 
last,  form  the  leading  materials  of  all  the  rocks.     In 
the  purely  mechanical,   or  in  the  aqueous  rocks,  the 
variations  could  be  little  more  than  variations  of  pro- 
portion, in  those  formed  of  more  than  one  material ; 
and  since  the   general   law  of  deposition  and  conso- 
lidation has  been    nearly  uniform,    a   corresponding 
uniformity  of  result  is  a  necessary  consequence.     In 
the  more  properly  chemical  rocks,  or  in  those  which 
have  participated  in  the  effects  of  heat,  a  simple  law 
also,  varying  merely  in  intensity,   and   always   acting 
on  the  same  limited  materials,  differing  merely  in  their 
relative  proportions,  has  almost  necessarily  produced 
corresponding  or  analogous  results.     Taking  granite 
thus  as  the  extreme  case,  the  effect  of  this  agent  has 
been  to  recompound  the  two  leading  materials  which 
it  found,  namely  silex,  or  quartz,  and  clay,  into  felspar, 
mica,   and  hornblende,  of  which  two,  at  least,  form 
also  the  essential  parts  of  the  other  extreme  case,  trap; 
the  cause  of  difference  here  also  consisting  in  other  well- 
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known  materials.  In  the  intermediate  cases,  it  has 
produced  gneiss  and  hornblende  schist,  or  micaceous 
schist ;  differences  similarly  resulting  from  a  nearly 
common  action  on  materials  differently  apportioned. 
And  further,  as  far  as  the  aqueous  or  chemical  rocks 
contain  the  minerals  of  granite,  or  the  original  ma- 
terials not  in  the  simple  forms  of  clay  and  sand,  they 
are  indebted  for  them  to  that  very  igneous  source, 
however  circuitously  and  remotely.  Thus  the  laws 
and  the  materials  have  been,  throughout,  simple,  and, 
consequently,  the  constancy  of  these  variations  could 
not  have  been  otherwise.  I  have  already  shown  that 
the  rocks  themselves  are  all  connected  in  leading  ana- 
logies, or  resemblances,  throughout  the  whole  series, 
and  are,  virtually,  reducible  to  a  few,  instead  of  pre- 
senting that  great  variety  which  is  popularly  imagined. 
The  merely  simple  rocks  require  no  remarks;  as  their 
resemblance  through  the  whole  series,  is  such  that 
we  often  cannot  distinguish  them,  except  by  position. 
Now,  with  respect  to  the  difficulties  supposed  to 
consist  in  their  alternation,  I  have  equally  shown  that 
this  has  been  regulated  by  one  leading  law,  and  that 
what  remains  may  be  accounted  for  by  the  operation 
of  another,  equally  simple.  Hence  the  results  ought 
to  be  simple;  and  this  they  actually  are,  when  justly 
viewed.  The  separation  of  clay  and  sand,  in  conse- 
quence of  their  different  powers  of  gravitating  in 
water,  is  the  leading  law;  and  its  modified  effects  are 
the  binary,  but  differently  proportioned  mixtures 
which  exist.  This  also  applies  to  the  mixtures  of  an- 
tecedent minerals  found  in  the  strata.  The  case  of 
limestone  from  organic  bodies  is  too  obvious  to  re- 
quire repetition.  The  second  law,  is  the  influence  of 
heat  in  changing  the  characters  of  different  simple 
deposits,  or  of  differently  compounded  ones,  whether 
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these  be  rocks  actually  fused,  or  strata  merely  in- 
fluenced ;  and  this  also  being  uniform,  under  grada- 
tions, the  results  should  correspond. 

Such  substances  as  diallage  rock,  and  serpentine, 
or  rocks  which  are  essentially  characterized  by  such 
minerals  as  hypersthene  and  augit,  are  the  real  ex- 
ceptions to  this  simplicity,  and  they  are  but  a  few  in 
the  total  system;  while,  with  perhaps  no  exception, 
being  the  produce  of  perfect  fusion,  it  is  less  difficult 
to  comprehend  why  they  should  have  formed  this 
breach  in  the  general  simplicity  which  I  have  thus 
attempted  to  establish. 

Although  it  has  here  been  inculcated  that  all  the 
stratified  rocks  which  are  not  the  produce  of  animals, 
have  ultimately  been  derived  from  former  rocks,  and 
probably,  in  a  series  of  succession,  the  limits  of  which 
we  cannot  pretend  to  conjecture,  it  is  still  proper  to 
remark,  that  there  is  a  progressive  change  of  character 
as  we  retreat.  The  limestones,  it  has  been  particu- 
larly shown,  become  more  rare,  but  the  argillaceous 
substances  diminish  also;  so  that,  at  length,  in  arriving 
at  that  antiquity  which,  to  our  observation,  is  the 
highest,  siliceous  rocks  predominate  in  a  great  degree. 
Thus  a  certain  philosophy  might  extend  the  con- 
clusion formerly  suggested  with  respect  to  the  in- 
crease of  calcareous  strata,  and  imagine  an  universe 
once  as  incapable  of  maintaining  vegetables,  as  it  has, 
to  all  appearance,  been  limited  in  the  numbers  and 
nature  of  its  animals;  a  desert  of  rocks  and  sand. 
But  this  conclusion  is  not  justified  when  we  take  a 
general  view  of  all  the  phenomena  which  geology 
presents.  That  it  has  been  drawn,  has  arisen,  either 
from  false  theories  or  partial  views.  If  the  siliceous 
substances  predominate  in  the  more  antient  parts  of 
the  series,  it  must  be  remembered  that  these  are  but 

vot.  i.  Q 
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the  remains  of  rocks,  of  which  the  greater  part  has  dis- 
appeared to  form  the  present  secondary  strata ;  nor, 
in  the  revolutions  of  ages,  can  we  decide  on  what  has 
vanished  and  what  the  state  of  the  more  antient  sur- 
face was.  That  it  furnished  a  vegetable  creation,  and 
to  a  great  extent,  is  evinced  by  the  phenomena  of 
coal  strata,  and  by  the  enormous  masses  of  vegetable 
matter  deposited  through  uncounted  ages,  and  amid 
a  series  of  partial  revolutions  of  which  we  can  scarcely 
form  an  idea. 

Of  the  Formation  of  conglomerate  Rocks. 

Though  it  has  thus  been  shown,  that  with  certain 
rocks  more  or  less  completely  furnished  by  animals, 
the  secondary  strata  consist  of  the  ruins  of  more  antient 
ones,  it  is  necessary  here  to  bestow  a  few  paragraphs 
on  the  conglomerate  rocks,  since  they  present  some 
peculiarities  of  origin  that  require  notice,  and  since 
they  offer  the  most  perfect  evidence  of  the  mechanical 
nature  of  the  process  by  which  the  strata  have  been 
principally  formed.  It  is  indeed  by  tracing  the  grada- 
tion from  the  coarsest  conglomerate,  formed  of  many 
discordant  rocks,  to  the  finer  sandstones,  that  we  be- 
come convinced  of  the  truth  of  this  supposition. 

As  also  it  was  attempted  to  trace  in  nature  the 
analogy  between  the  finer  rocky  strata  and  the  pre- 
sent deposits  of  sand  and  clay  from  water,  so,  in  the 
superficial  or  deep-seated  alluvia  of  a  coarser  nature, 
we  find  the  prototypes  of  the  present  conglomerates  ; 
of  the  consolidated  alluvia,  whatever  their  origin  and 
position  may  have  been,  of  former  worlds.  The  na- 
ture of  the  evidence  which  these  rocks  afford  with 
respect  to  the  revolutions  of  the  earth's  surface,  will 
be  considered  in  a  subsequent  chapter,  (Chap,  xxi;) 
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but  it  is  necessary  here  to  distinguish  between  those 
which  are  of  a  local  and  those  which  are  of  a  more 
general  nature. 

These  rocks  are  found,  both  in  the  antient  and 
recent  series  ;  and,  in  both,  under  circumstances  pre- 
cisely similar,  if  differing  in  extent.  They  are  pro- 
perly divisible  into  general  and  local ;  and  it  is  only 
indeed  by  thus  distinguishing  them,  that  we  can 
derive  any  advantage,  in  our  reasonings  on  events, 
from  the  evidences  they  afford,  or  avoid  the  confusion 
to  which,  from  incorrect  observation,  they  have  fre- 
quently given  rise.  As,  in  both  the  secondary  and 
primary  series,  similar  accidents  have  occurred,  in 
the  fracture,  displacement,  and  transference  of  strata, 
it  is  natural  to  expect  that  the  conglomerates,  here 
called  local,  which  have  resulted  from  these  changes, 
should  be  found  in  both.  With  respect  to  the  general 
ones,  as  they  have  been  produced  by  that  gradual 
waste  of  the  solid  rocks  which  now  forms  our  super- 
ficial alluvia,  it  is  natural  to  expect  that  they  should 
be  found  chiefly,  and  most  extensively,  at  the  great 
interval  which  separates  the  primary  and  secondary 
strata;  and  this  expectation  is  realized  by  the  existence 
of  that  almost  universal  conglomerate,  the  first  portion 
of  that  red  sandstone,  which  is,  itself,  the  lowest  and 
first  of  the  secondary  series. 

If  no  revolution  of  so  general  a  nature  can  else- 
where be  traced,  yet  partial  ones  of  an  analogous  kind 
are  found,  both  in  the  primary  and  secondary  series; 
and  thus,  in  both,  there  exist  conglomerates  which, 
if  not  universal,  are  still,  in  the  sense  here  laid  down, 
entitled  to  the  name  of  general. 

The  mechanical  origin  of  all  these  rocks  is  so  ob- 
vious, that  it  is  unnecessary  to  dwell  on  it;  while  it 
is  also  easy  to  discover  that  the  component  parts  have 
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undergone  greater  or  less  degrees  of  attrition  ;  and,  in 
many  cases,  of  transportation.  It  has  also  been  shown 
in  another  place,  that,  with  the  exception  of  the  Tuff 
of  the  overlying  family,  they  consist,  in  most  instances, 
of  different  ingredients;  and,  not  unfrequently,  of  a 
great  number  intermixed. 

Those  which  consist  of  many  different  fragments, 
or  even  of  fragments  of  two  substances,  may  be  con- 
sidered as  general  conglomerates.  They  are,  in  a 
geological  sense,  only  modifications  of  the  different 
recomposed  rocks  with  which  they  are  found  asso- 
ciated ;  and  thus,  like  these,  they  necessarily  occupy 
extensive  spaces  in  nature.  They  may  thus  be  dis- 
tinguished from  the  local  conglomerates,  by  their 
geological  positions  and  connexions  ;  while  they  may 
also,  in  a  great  measure,  be  recognised  by  their 
mineral  structure ;  chiefly,  indeed,  by  the  attrition, 
whether  greater  or  less,  which  the  parts  have  under- 
gone, and  by  the  variety  of  ingredients  which  they 
contain.  These  remarks  apply  principally  to  those 
conglomerates  which  are  found  among  the  secondary 
strata,  where  different  kinds  or  series  meet,  and, 
above  all,  to  the  old,  or  lowest,  red  sandstone,  of 
which  they  often  form  very  conspicuous  portions. 
Those  which  are  connected  with  the  Overlying  rocks, 
like  the  Tuffs  of  the  same  division,  are  distinguished 
by  such  peculiarities  of  character  as  to  admit  of  no 
comparison  with  any  others. 

The  local  conglomerates,  on  the  other  hand,  may 
be  distinguished  by  their  much  greater  variety  as  a 
class,  and  by  the  much  more  limited  variety  of  their 
ingredients,  sometimes  consisting  of  only  one,  occa- 
sionally of  two,  but  rarely  exceeding  three.  The 
general  conglomerates  are  also  commonly  composed 
of  materials  agglutinated  without  an  intervening 
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cement ;  whereas  most  of  the  local  rocks  of  this 
character  consist  of  one  or  more  sorts  of  fragments 
united  by  a  third  cementing  substance,  or  by  a  cement 
composed  of  one  of  the  imbedded  ingredients.  The 
local  conglomerates  rarely  occupy  any  considerable 
space,  and  are  often  very  limited ;  while  they  are 
always  attached  to  some  simple  or  compound  rock 
with  which,  in  some  parts,  they  are  intimately  united. 

As  the  general  conglomerates  constitute  a  separate 
and  independent  set  of  strata,  the  local  rarely  form 
more  than  one  bed,  and  are  sometimes  not  even 
found  in  the  shape  of  a  bed ;  constituting  a  single 
lamina  only,  adhering  to  a  parent  rock,  or  an  irre- 
gular mass,  in  some  other  way  connnected  with  it. 
The  general  ones  frequently  contain  rounded  masses, 
but  the  fragments  of  the  local  are  commonly  angular, 
or  little  affected  by  attrition.  In  many  instances 
they  are  perfectly  acute  ;  while,  occasionally  also, 
when  of  large  size,  they  are  found  to  be  so  little 
moved  from  their  places,  or  separated  from  each 
other,  that  the  imagination  easily  replaces  the  de- 
tached parts. 

These  rocks  have  been  sometimes  distinguished  by 
the  name  of  Breccia,  while  the  others  have  been 
called  pudding  stone  ;  but  as  the  term  Breccia  has 
also  been  very  indiscriminately  used,  it  is  not  con- 
venient to  perpetuate  its  application  where  it  is  neces- 
sary to  be  accurate.  Circumstances  occasionally  vi- 
sible in  the  secondary  strata,  and  more  particularly  in 
the  calcareous,  will  explain  the  origin  of  the  local 
conglomerates. 

The  beds  of  these  are  often  found  covered  on  the 
surface  by  their  own  fragments,  intermixed  with  mi- 
nuter particles  of  the  same,  or  of  clay.  The  inia- 
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ginary  consolidation  of  such  a  mass,  would  form  a 
local  conglomerate  ;  and  thus  it  may  be  understood 
why  the  angles  of  the  fragments  are  so  little  rounded, 
and  why  the  separated  parts  are  so  capable  of  being 
re-adapted.  It  is  easy  to  conceive  also,  that  the  in- 
filtration of  a  solution  of  lime  would  convert  them 
into  a  solid  rock,  and  that  the  same  effect  might, 
under  other  circumstance/,  take  place  from  carbonat 
or  rust  of  iron,  or  from  some  other  of  the  causes 
which  produce  the  consolidation  of  rocks.  The  seve- 
ral conditions  thus  hypothetically  stated,  appear  to 
have  frequently  existed  in  nature  ;  and  thus  have 
arisen  the  number  of  local  conglomerates  now  seen. 

The  fractures  of  the  rock,  and  the  consequent  pro- 
duction of  fragments  on  the  surface,  have  probably, 
in  all  such  cases,  originated,  jointly,  from  the  ordi- 
nary causes  of  waste,  and  from  mechanical  violence. 
In  some  instances,  where  the  conglomerates  lie  be- 
tween two  rocks,  they  seem  to  have  resulted  from 
the  motion  of  the  parts  on  each  other,  in  consequence 
of  sudden  and  violent  fractures,  accompanied  by  a 
partial  comminution  of  the  materials.  Where  one 
rock  alone  has  been  engaged,  a  conglomerate  of  one 
ingredient,  united  by  a  general  cement,  is  the  result ; 
and  this  case  is  frequent  in  the  calcareous  rocks. 
When  the  fractures  have  taken  place  at  the  meeting 
of  two  strata  of  different  rocks,  or  when  two  have 
been  in  any  other  mode  implicated,  the  compound 
is  more  intricate.  Thus  also  there  are  formed  con- 
glomerates of  limestone  arid  serpentine,  or  of  lime- 
stone and  argillaceous  schist,  or  of  other  substances. 

There  is  yet  one  origin  for  the  local  conglomerates 
to  be  stated,  which,  if  somewhat  analogous,  possesses 
a  distinct  interest.  It  may  also  be  added  as  a  super- 
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fluous  proof  which  I  did  not  think  necessary  to  ad- 
duce, towards  the  posterior  and  forcible  intrusion  of 
trap  and  granite  into  the  strata.  Such  conglomerates 
are  often  found  at  the  places  where  these  two  latter 
rocks  pass  through.,  or  interfere  with,  the  stratified 
ones  ;  and  that  I  may  quote  an  instance  from  foreign 
authors,  and  therefore  free  from  the  chance  of  bias 
on  my  own  part,  I  shall  refer  to  Canzacoli  near  Pre- 
dazzo,  where  this  appearance  attends  the  junction  of 
a  mass,  which  is,  at  the  same  time,  granite  and  trap, 
with  the  secondary  strata.  In  our  own  island,  the 
vicinity  of  Oban  offers  very  extensive  and  obvious 
examples. 

There  is  little  now  to  be  said  respecting  the  for- 
mation of  the  unstratified  rocks,  which  does  not  fol- 
low from  the  views  of  their  origin  formerly  held  out. 
Of  their  materials,  we  can  only  know  that  they  are 
those  which  are  also  found  in  the  stratified  substances, 
and  can  only  conjecture,  indiscriminately,  that  they 
have  been  formed  by  the  fusion  of  some  or  other  of 
these.  Differences  in  the  proportions  of  the  several 
earths  are  the  only  grounds  of  judgment ;  and  thus 
it  would  be  inferred  that  granite  was  the  produce  of 
gneiss,  micaceous  schist,  quartz  rock,  and,  ultimately, 
of  argillaceous  sandstones,  and  that  the  ordinary 
traps  were  the  produce  chiefly  of  the  argillaceous 
substances,  slate  or  shale.  More  particular  evidences 
in  confirmation  of  this  opinion,  will  be  found  in  the 
histories  of  trap  and  granite.  But  that  trap  and  por- 
phyry have  actually  been  thus  formed,  is  clearly 
proved  by  finding  those  rocks  entangling  fragments 
of  schists,  in  which  the  gradual  melting  down  of  the 
materials  is  distinctly  traced.  The  fact  itself  is  de- 
tailed in  its  proper  place. 
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Of  Transitions  among  Rocks. 

The  last  question  respecting  rocks  that  appears  to 
require  examination,  relates  to  the  transitions,  real 
or  imaginary,  that  take  place  between  different  kinds. 
Being  formed,  as  we  have  seen,  of  so  few  substances, 
and  possessing  so  many  analogies  among  each  other, 
such  transitions  ought  to  be  expected.  That  they 
exist,  is  no  reason  for  an  hypothesis  which  has  been 
maintained  on  this  subject. 

Because  there  is  a  gradation  of  a  certain  kind 
among  gneiss,  micaceous  schist,  and  quartz  rock,  and 
because  it  is  possible,  by  selecting  particular  speci- 
mens, to  make  that  transition  still  more  extensive,  it 
has  been  argued  that  all  these  rocks  originated  at  one 
time,  from  a  common  solution,  and  were  therefore 
the  results  of  a  continued  crystallization  from  a  fluid 
gradually  varying.  They  who  have  chosen  to  main- 
tain this  doctrine,  have  certainly  derived  from  it 
great  convenience  ;  inasmuch  as  they  have  dispensed 
with  the  labour  of  investigating  the  differences  of 
these  rocks,  or  describing  their  characters  and  con- 
nexions. I  know  not  what  advantages  are  to  be 
gained  by  thus  restoring  Geology  to  its  original 
chaos ;  and  as  the  question  of  watery  crystallization 
has  been  sufficiently  considered  in  other  parts  of  this 
work,  that  subject  may  be  dismissed. 

Such  transitions  as  do  actually  occur,  may  easily 
be  accounted  for  in  various  ways.  In  the  older 
strata,  they  may  arise  from  proximity  of  position,  in 
rocks  that  have  been  in  a  state  of  semifusion  and  that 
were  formed  of  similar  materials.  Thus  they  are  com- 
mon between  gneiss,  micaceous  schist,  and  quartz 
rock,  accordingly  as  these  approximate.  Thus,  by 
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intermixture,  occasional  transitions  may  also  happen 
between  coarse  argillaceous  schist  and  quartz  rock, 
or  between  the  fine  schist  and  gneiss.  But  these  are 
rare  and  easily  explained ;  nor  is  there  any  transition 
from  limestone  to  any  other  rock.  In  the  newer 
strata,  it  is  equally  easy  to  understand  how  they  must 
happen,  from  the  irregular  succession  of  so  small  a 
number  of  materials,  and  how  some  uncertainty  of 
composition  must  often  take  place  at  the  point  of 
change  between  different  deposits.  This  subject  is 
however  noticed  more  particularly  in  the  chapter  on 
the  Successions  of  Strata  ;  and  the  particular  transi- 
tions will  be  pointed  out,  where  necessary,  in  the 
histories  of  individual  rocks  hereafter.  It  is  to  be 
feared  that  the  imaginary  value  attached  to  these 
transitions,  has  arisen  from  the  practice,  far  too 
general,  of  deducing  conclusions  respecting  the  order 
of  nature,  from  that  made  by  a  mineralogist  in  his 
cabinet.  Undoubtedly,  a  rich  cabinet  may  be  made  to 
produce  every  transition  which  the  most  arduous 
theorist  could  devise  ;  but  he  will  have  far  mistaken 
the  real  objects  of  his  geological  pursuits,  who  shall 
make  his  drawer  the  type  of  Nature. 
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CHAP.    XIII. 

On  the  Destruction  of  Rocks. 

IF  the  interest  of  geological  facts  bears  any  proportion 
to  their  importance  as  they  affect  the  condition  of 
organized  beings,  there  is  none  in  the  whole  range  of 
the  science  more  calculated  to  attract  attention  than 
that  which  relates  to  the  destruction  of  rocks,  to  the 
sure  though  tedious  process  by  which  they  are  con- 
verted into  earth  and  soil.  On  this  process,  depends 
the  very  existence  of  all  the  races  of  terrestrial  vege- 
tables and  animals.  In  the  smallest  fragment  that 
falls  from  the  precipice,  in  the  ceaseless  flow  of  the 
torrent  and  the  river,  in  the  summer's  rain  and  the 
frosts  of  winter,  the  Geologist  contemplates  the 
agencies  by  which  Nature  renews  and  extends  the 
animated  surface  of  the  earth ;  and,  recurring  to  the 
commencement  of  these  actions,  beholds  it  a  dreary 
waste  of  naked  untenanted  rock. 

Of  the  chemical  Agents  which  tend  to  destroy  Rocks. 

In  enumerating  the  agents  by  which  Nature  operates 
her  important  purposes  of  demolition  and  destruction, 
if  some  shall  appear  insignificant  in  their  power,  or 
tedious  in  their  effects,  there  are  others,  of  which  the 
results  are  rapid,  important,  and  sensible  to  us  where- 
ever  we  turn  our  eyes.  Even  the  agency  of  those 
chemical  causes  which  at  first  appears  so  feeble,  is 
often  highly  efficacious  in  preparing  the  way  for  the 
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action  of  mechanical  powers  of  more  acknowledged 
and  obvious  force.  But  it  must  be  remembered  that 
whether  the  process  of  destruction  be  slow  or  rapid,, 
and  though  it  may,  to  our  limited  views,  often  appear 
contemptible  in  its  effects,  it  is  a  process  that  never 
ceases.  However  limited  these  actions  may  have  been 
as  to  the  past,  their  unintermitting  continuance, 
through  a  duration  to  which  we  can  assign  no  liinits? 
must  produce  effects  which  we  should  vainly  attempt  to 
measure  by  the  small  portion  of  that  time  which  is 
bounded  by  our  own  experience.  Yet  it  will  be  seen, 
that  even  within  the  short  records  of  history,  the 
changes  which  Nature  thus  effects,  are  no  less  exten- 
sive than  remarkable. 

If  the  mere  solvent  power  of  water  on  the  earths  is 
the  most  feeble  of  these  agents,  its  action  is  still 
unquestionable,  and  must  not  be  overlooked.  That  it 
does  dissolve  silica  and  lime  both,  has  already  been 
shown;  and  thus  it  may  often  loosen  the  bonds  by 
which  the  more  insoluble  substances  are  united,  so  as 
to  produce  a  greater  effect  of  destruction  than  would 
result  merely  from  its  solvent  power.  It  is  so  easy 
to  trace  its  action  on  limestones,  that  instances  of 
this  nature  need  not  be  adduced.  The  surfaces  of 
quartz  rock  which  are  exposed  to  rain,  are  often 
polished  as  if  by  a  lapidary's  wheel,  and  the  peculiar 
roundness  of  the  angles,  here  evinces  the  cause.  The 
effect,  however,  in  such  cases  as  this,  may  fairly  be 
taken  as  nothing ;  since,  as  far  as  direct  solution  is 
here  concerned,  scarcely  eternity  itself  could  be 
imagined  capable  of  dissolving  a  mountain  of  this 
refractory  material.  But  the  looser  aggregated  rocks 
of  this  nature,  or  the  common  sandstones,  give  every 
where  abundant  proofs  of  its  influence,  in  the  corro- 
sion they  suffer  on  long  exposure,  even  where  most 
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pure.  When  they  contain  calcareous  particles,  it  is 
more  easy  to  suppose  that  their  failure  has  resulted 
from  the  solution  of  that  ingredient ;  and,  in  either 
case,  it  is  easy  to  see  that  a  considerable  disintegration 
of  rock  may  take  place,  even  when  very  small  portions 
of  it  have  been  actually  dissolved. 

In  Granite,  this  effect  is  often  very  sensible,  and  it 
is  no  where  more  easily  observed  than  in  Cornwall. 
Cavities,  containing  water  in  wet  seasons,  are  very 
common  in  the  granite  of  that  country,  and  they  are 
often  of  considerable  dimensions,  whiie  they  are  ex- 
cavated in  forms  so  accurately  curved  as  to  resemble 
works  of  art.  They  are  well  known  to  those  who 
have  interested  themselves  in  the  antiquities  of  that 
county,  by  the  name  of  rock  basins  :  having  been  idly 
attributed  to  the  favourite  Druids  of  antiquaries. 

It  is  easy  to  trace  their  progress  from  that  which 
can  contain  but  a  single  drop  of  water ;  and,  as  this 
enlarges,  the  work  of  destruction  goes  on  in  an  acce- 
lerating ratio ;  while  the  fragments  of  quartz  and 
felspar,  remaining,  serve  to  prove  the  nature  of  the 
cause.  Whether,  in  this  case,  the  quartz  is  acted  on, 
or  the  felspar,  or  both,  is  uncertain;  but  that  the 
effect  does  not  arise  from  any  action  on  ferruginous 
matter,  is  unquestionable,  as  it  takes  place  equally 
where  the  felspar  contains  no  iron. 

It  is  probable  that  a  more  indirect  action  of  water 
has  a  similar  effect  in  producing  the  disintegration  of 
rocks,  independently  of  its  chemical  power  upon  the 
iron  which  they  may  contain.  It  was  elsewhere  shown, 
that  all  rocks  contained  water  when  deep  in  the  earth, 
and  that,  so  far,  they  are  porous,  however  solid  in  a 
general  sense.  By  being  alternately  wetted  and  dried 
at  the  surface,  they  may  thus  undergo  alternate  con- 
traction and  expansion,  in  such  a  degree  as,  in  time? 


ON    THE    DESTRUCTION    OF    ROCKS.  237 

to  lose  their  integrity,  as  far  as  that  operation  can 
reach ;  independently  of  the  frequent  solution  and 
precipitation  of  their  soluble  parts  which  must  thus 
take  place. 

The  destruction  of  the  calcareous  rock  of  Malta, 
described  by  Dolomieu,  may  be  noticed  in  this  place, 
though  it  is  a  peculiar  instance,  not  arising  from  water 
alone,  and  apparently  limited  to  that  rock.  When 
wetted  with  sea  water,  a  crust  is  soon  formed,  which 
exfoliates  and  is  followed  by  others,  till  the  whole 
stone  falls  to  pieces.  It  is  still  more  remarkable  that 
a  single  drop  is  capable  of  producing  this  effect ;  and 
that  it  even  extends  through  a  whole  wall,  where  the 
salt  has  not  reached. 

It  must  be  remarked  that  those  rocks  which  are 
subject  to  decompose  in  considerable  masses,  as  if  by 
an  universal  caries,  even  when  situated  deep  in  the 
earth,  contain  alkali  as  an  ingredient  in  their  compo- 
sition. It  is  in  granite,  in  gneiss,  and  in  the  "trap 
rocks,  that  this  circumstance  is  peculiarly  frequent  and 
remarkable ;  and,  in  all  these,  either  potash  or  soda 
is  found,  in  some,  both.  This  effect,  unless  when  it 
arises  partly  from  changes  occurring  in  the  ferruginous 
ingredient,  must  probably  be  attributed  to  the  solvent 
power  of  water ;  and,  however  difficult  it  might  be 
imagined  for  water  to  disengage  alkali  from  such  a 
combination,  the  possibility  is  confirmed  by  the  effect 
which  it  is  known  to  produce  on  glass. 

The  changes  which  are  experienced  by  iron,  are 
however  the  most  conspicuous,  and  apparently  the  most 
important  of  the  chemical  agencies  by  which  the 
decomposition  of  rocks  is  effected.  This  metal  exists 
in  stones  in  different  conditions,  all  of  which,  it  is 
probable,  have  not  yet  been  ascertained  by  chemical 
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analysis.    But  as  far  as  the  present  object  is  concerned, 
the  subject  is  sufficiently  understood. 

In  the  state  of  peroxyde,  in  which  it  communicates 
a  red  or  brown  colour  to  rocks,  iron  is  very  little 
susceptible  of  further  changes  from  the  action  of  water, 
and,  in  general,  it  undergoes  none.  Hence  stones  of 
this  colour  rarely  experience  any  alteration  of  hue  on 
exposure;  and,  what  i*>  much  more  important  to 
architects,  they  are,  in  general,  less  susceptible  of 
decomposition  than  those  which  are  dark  or  lead- 
coloured.  The  red  sandstones  which  are  subject  to 
decomposition,  owe  that  defect  to  the  other  causes 
above  enumerated.  The  existence  of  this  oxyde  of 
iron  in  certain  rocks,  is  often  an  interesting  circum- 
stance, as  throwing  light  on  the  changes  which  they 
have  undergone ;  but  it  is  essential  not  to  carry  this 
speculation  too  far.  The  clays  found  under  the  trap 
rocks,  appear  unquestionably  to  owe  their  red  colour 
to  the  action  of  heat.  Similar  appearances  are,  in 
some  cases,  observed  in  the  argillaceous  and  micaceous 
schists ;  but  it  is  not  certain  that,  in  all  these,  the 
same  cause  has  acted.  In  the  red  sandstone,  if  it  does, 
in  some  instances,  appear  to  have  produced  the  effect 
in  question,  the  colour,  in  the  majority  of  these,  has 
been  derived  from  that  of  the  felspar  which  furnished 
the  clay  in  their  composition,  or  else  from  the  original 
quartz. 

The  next  state  in  which  iron  exists  in  rocks,  is  in 
that  of  the  yellow,  or  the  hydrated,  carbonat ;  forming 
the  rust  which  colours  all  the  yellow  rocks  and  clays. 
In  this  case,  however,  it  is  even  less  a  source  of  de- 
composition than  in  the  former,  and  is,  indeed,  in 
general,  perhaps  in  all  instances,  itself  the  produce  of 
decomposition.  That  some  of  the  yellow  rocks  have 


ON    THE    DESTRUCTION    OF    ROCKS.  239 

been  once  lead-coloured,  may  be  seen  in  many  of  the 
secondary  limestones,  where  the  change  can  be  traced; 
but  it  is  scarcely  suspected  that  this  process  has  been 
carried  on  in  so  extensive  a  manner  in  the  sandstones, 
which  I  shall  nevertheless  hereafter  show. 

Iron,  in  the  form  of  pyrites,  is  known  to  destroy 
many  of  the  secondary  sandstones  in  which  it  exists. 
But  it  is  not  sufficiently  common  to  produce  any 
extensive  or  conspicuous  effects ;  and,  in  the  state  in 
which  that  mineral  occurs  in  the  primary  rocks,  it  is 
scarcely  susceptible  of  decomposition. 

It  is  in  the  state  of  the  diffused  or  combined  pro- 
toxyde,  that  the  power  of  iron  in  decomposing  rocks 
is  most  remarkable  ;  and  it  is  of  sufficient  importance 
to  be  numbered  among  the  causes  that  are  most 
active  in  the  work  of  destruction.  The  chemical 
process  is  simple  ;  as  this  oxyde  combines  easily  with 
water  and  carbonic  acid,  thus  producing  rust,  which 
is  indicated  by  the  yellow  and  brown  colours  which 
the  rocks  that  contain  it  acquire  on  exposure.  It  is 
probable  that,  in  these  cases,  the  actual  decom- 
position is  the  consequence  of  the  increase  of  bulk 
which  the  stone  thus  acquires  ;  and  therefore,  in 
many  instances,  where  the  quantity  of  this  ingredient 
is  small,  the  rock  does  not  moulder,  although  it 
becomes  more  tender.  That  is  an  event  not  unfre- 
quent  in  many  limestones  and  sandstones  ;  as  well  as 
in  some  of  the  claystones  of  the  trap  family,  which 
retain  their  integrity  after  their  colour  has  been 
changed.  Where,  as  in  many  basalts,  the  iron 
abounds,  the  event  of  this  change  is  to  resolve  the 
whole  into  clay.  There  is  yet  however  some  ob- 
scurity in  this  subject,  which  it  requires  the  future 
aid  of  chemistry  to  dispel.  Many  shales  and  slates, 
though  apparently  containing  this  oxyde,  resist  all 
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change  of  colour,  and,  in  consequence,  preserve  their 
tenacity  when  rocks  of  other  kinds,  of  the  same 
colours,  fall  to  powder,  or,  at  least,  become  softened. 
It  has  not  hitherto  been  suspected  that  the  car- 
bonat  of  iron  was  a  common  ingredient  in  rocks  ;  and 
though  its  effects  in  accelerating  their  decomposition 
is  very  trifling,  it  is  proper  that  it  should  be  enu- 
merated among  the  rest%  It  is  frequent  in  the  white 
veins  of  carbonat  of  lime  that  traverse  the  schists, 
and  is  detected  by  the  brown  colour  which  it  acquires 
from  the  action  of  water.  Its  existence  would  as 
little  be  suspected  in  the  white  quartz  rocks.  Yet, 
in  these  also,  it  is  discovered  by  their  becoming  rusty 
on  exposure,  sometimes  to  the  depth  of  even  a  quar- 
ter of  an  inch ;  as,  by  the  same  means,  it  is  ascer- 
tained to  exist  in  some  of  the  whitest  compact  fel- 
spars. It  ought  to  be  added,  that  the  rust  thus 
formed,  appears  to  be  soluble  in  the  water  of  the 
atmosphere  ;  as  such  rocks  become  bleached  at  the 
surface,  while  the  brown  stain  occupies  an  inferior 
lamina.  It  is  tjms  that  we  must  account  for  the 
whiteness  of  the  powdery  surface  so  often  found  on 
the  decomposing  argillaceous  schists  and  felspars, 
even  where  we  are  sure  that  these  contain  iron.  If 
there  are  any  other  chemical  causes  for  the  decom- 
position of  rocks,  they  are  still  unknown  to  us,  and 
must  remain  for  the  investigation  of  future  chemists. 


Of  the  Decomposition  of  deep-seated  Rocks. 

Although  the  phenomena  in  question  occur  most 
conspicuously  where  rocks  are  exposed  to  the  atmo- 
sphere, or  to  the  action  of  air  and  water  together, 
they  also  take  place  deep  in  the  earth,  as  already  re- 
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marked ;    in  which  cases  they  must  be  referred  to  the 
effects  of  water  alone. 

As  some  of  these  changes  are,  from  their  extent  or 
other  circumstances,  of  a  very  interesting  nature,  and 
may  perhaps  serve  to  explain  some  difficulties  in 
geology,  it  will  be  necessary  to  bestow  a  few  words 
on  them. 

This  event  is  so  common  in  granite,  that  examples 
of  it  must  have  occurred  to  every  geologist.  It  is 
frequent  in  Cornwall  and  on  the  opposite  coast  of 
Britany ;  and  the  result  is  a  clay  mixed  with  quartz 
gravel,  and,  in  some  cases,  where  the  mica  has  re- 
sisted decomposition,  with  that  mineral  also.  In 
some  kinds  of  gneiss,  it  is  equally  common  ;  and  re- 
markable examples  of  this  nature  may  be  observed  in 
Aberdeenshire,  in  Guernsey,  and  in  the  isle  of  Sky. 
If  less  frequent  in  micaceous  schist,  it  is  still  suffi- 
ciently conspicuous  in  that  rock,  in  many  parts  of 
Scotland  ;  as,  in  Cornwall,  it  is  of  very  noted  occur- 
rence in  the  soft  argillaceous  schists,  or  the  "  killas," 
of  that  district.  That  the  white,  or»pure,  sandstones 
undergo  this  change  in  the  same  manner,  is  proved 
by  the  occurrence  of  a  hill  of  considerable  extent  near 
Kildrummie  in  Aberdeenshire.  This  hill  consists,  al- 
most entirely,  of  loose  sand  ;  and  thus  its  original 
rocky  state  might  be  disputed,  did  not  the  perma- 
nence of  numerous  harder  veins  that  intersect  it,  and 
the  remaining  marks  of  the  joints  which  divide  the 
beds,  prove  its  true  nature.  It  has  often  been 
doubted  whether  the  sand  beds  in  England,  which 
contain  sandstone  and  sand  together,  were  in  the  pro- 
gress of  decomposition  or  induration  ;  and  it  has, 
I  believe,  been  generally  decided  in  favour  of  the 
latter.  The  present  fact  may  throw  some  doubt  on 
the  propriety  of  that  decision,  and  will  at  least  ren- 
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der  it  incumbent  on  geologists  to  search  for  evidence 
capable  of  determining  with  more  precision  what  the 
truth  is. 

Such  is  the  importance  of  this  view,  and  so  ex- 
tensive the  consequences  to  which  it  leads,  that  I 
shall  not  be  disappointed  if  geologists  should  refuse 
their  assent  to  it ;  though  the  facts  next  to  be  re- 
corded are  equally  satisfactory,  and  are  at  least  free 
from  the  suspicion  of  supporting  any  hypothesis. 

The  chief  part  of  the  Orkney  islands  consists  of  an 
alternating  series  of  sandstone  and  shale,  belonging 
to  the  lowest,  or  old  red  sandstone  of  geologists.  In 
some  places,  the  sandstone  is  red,  but,  like  the  shale, 
it  is  more  generally  of  a  dark  gray  colour.  But 
there  are  also  beds  of  a  yellow  and  tender  kind, 
exactly  resembling  some  of  those  which  occur  among 
the  upper  secondary  strata,  and,  at  first,  leading  to  a 
belief  that  such  a  series  exists  here.  It  is  only  after 
much  examination  that  the  true  nature  of  this  rock  is 
discovered ;  when  it  is  perceived  to  arise  from  a 
change  in  the  irqn  of  the  blue  strata,  which  thus  be- 
come tender  as  they  acquire  the  yellow  colour.  Act- 
ing on  this  hint,  it  will  remain  for  geologists  to  in- 
quire whether  similar  changes  may  not  have  taken 
place  in  many  other  cases,  where  the  tender  and 
yellow  state  is  supposed  to  have  been  the  original 
condition  of  the  strata. 

This  deep  decomposition  is  frequent  in  the  trap 
rocks ;  and,  in  some  of  these,  it  leads  to  important 
practical  consequences,  while  it  gives  rise  to  geo- 
logical suspicions  of  no  small  interest.  The  very 
deep  and  rich  soil  of  some  parts  of  Scotland,  which 
lies  above  sandstone,  is  evidently  derived  from  this 
source,  and,  apparently,  from  an  entire  resolution  of 
the  compact  trap  that  has  once  covered  it.  In  Sky, 
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the  same  fact  is  presented  in  a  manner  perfectly  un- 
questionable. In  consequence  of  the  protection  af- 
forded to  the  subjacent  rock  by  the  solid  mass  of  peat 
with  which  it  is  covered,  it  remains  so  undisturbed  as 
to  present  all  its  divisions  and  concretionary  forms  as 
if  still  in  a  state  of  integrity  ;  the  zeolites  which  it 
contains  remaining  also  unaltered.  But  it  is  no  longer 
a  rock  :  the  spade  and  pickaxe  cut  through  it  as 
through  earth  ;  and,  where  natural  forces  have  acted, 
the  whole  moulders  into  yellow  clay,  leaving  the  zeo- 
lites in  heaps  resembling  banks  of  gravel. 

In  Bute,  there  are  found  beds  of  a  tenacious  com- 
pact clay,  lying  deep  under  a  mass  of  solid  trap,  and 
presenting  what,  on  a  superficial  view,  would  be 
deemed  a  natural  and  original  state.  On  an  accurate 
examination,  however,  it  is  discovered  that  they  are 
interspersed  with  crystals  of  felspar,  sometimes  entire, 
but  more  frequently  reduced  also  to  clay,  yet  of  a 
different  colour  from  that  which  forms  the  base.  By 
this  and  some  other  appearances,  it  is  proved,  that 
these  have  once  been  masses  of  porphyry,  which  have 
thus  undergone  decomposition,  deep  in  the  earth, 
while  the  rocks  above  them  retain  their  original  in- 
tegrity. 

In  the  islands  of  Luing  and  Torsa,  there  are  some 
large  veins,  consisting,  apparently,  of  that  yellow 
arenaceous  claystone  so  well  known  to  the  geologists 
who  have  visited  Arrari ;  and,  in  some  places,  they 
present  a  porphyritic  structure.  No  suspicion  re- 
specting these  could  have  arisen,  had  it  not  been  for 
some  deep  and  fresh  fractures. 

Thus  it  is  discovered  that  the  original  rock  is  a 
dark  compact  claystone,  often  called  basalt,  in  some 
parts  porphyritic;  and  that  the  yellow  claystone  is 
not  a  natural  rock,  but  the  consequence  of  an  inci- 
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pient  decomposition,  the  progress  of  which   is   thus 
easily  traced.     This  rock,  it  must  be  observed,  is  per- 
fectly  compact  and   tenacious,  although   far  less   so 
than  that  from  which  it  has  been  derived.     In  many 
of  these  instances,  where  the  rocks  are  of  a  porphyritic 
character,  the  fact  of  such  a  partial   decomposition 
may  be  suspected,  from  the  existence  of  cavities  con- 
taining yellow  or  brown  day;  and,  even  in  porphyries, 
of  which  the    base  appears    to    have   undergone    no 
change,  the  crystals  are  sometimes  reduced  to  powder. 
That  the   compact  clinkstones   may   be   converted 
into  arenaceous  claystones  by  this  kind  of  decomposi- 
tion, may  be  proved  by  the  state  of  some  of  the  rocks 
in   Arran;    where  the    former  are  frequently    found 
covered  with  a  crust  of  the  latter,  and  where,  without 
fracture,  it  would  not  be  suspected  that  the  rock  was 
of  a  different  character  within.     The   same  circum- 
stance is  visible  in  many  places   in  Sky ;  and,  from 
the  sections  there  afforded,  the  decomposition  of  these 
rocks  can  often  be  traced  to  an   enormous  depth.     It 
even  appears  that  many  of  the  pale  and  yellow  Syenites 
and  porphyries  of  that  island  have   been   originally 
blue;  and  that  their  imperfect  compactness,  like  their 
yellow  colour,  is  the  consequence  of  incipient  or  im- 
perfect decomposition.     I  may  confirm   iny  own  re- 
marks by  the  testimony  of  the  French  geologists  re- 
specting the  rocks   of  Dornfront  in  Britany;  where 
greenstones   are   similarly  found  converted  into  clay- 
stones,  which,  by  a  further  decomposition,  are  resolved 
into  a  species  of  fullers'  earth. 

So  great  is  the  depth  of  the  decomposition  in  some 
of  these  instances,  and  so  exactly  do  many  of  the 
great  masses  of  pale  claystone  correspond  with  those 
which  can  be  proved  to  result  from  decomposition, 
that  we  are  led  to  suspect  that  this  may  be  the  origin 
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of  the  whole,  and  that  even  all  the  rocks  of  this  cha- 
racter which  occur  in  Arran  and  Sky,  may  once  have 
been  clinkstones  or  compact  blue  claystones.  The  very 
same  phenomena  occur  among  volcanic  rocks;  and, 
in  both,  many  of  the  substances  to  which  the  unmean- 
ing term  trachyte  has  been  applied,  are  only  the 
produce  of  this  change. 

It  is  not  safe  to  carry  this  speculation  too  far;  but 
it  is  plain  that  it  opens  a  way  towards  the  explanation 
of  many  circumstances  in  the  history  of  the  trap 
family,  which  have  been  hitherto  matters  of  difficulty. 
It  is  not  easy  to  imagine,  for  example,  that  rocks  so 
earthy  and  loose  as  some  of  the  claystones  are,  were 
the  produce  of  igneous  fusion ;  but  since  such  masses 
of  the  harder  rocks  can  undergo  that  change  of  cha- 
racter which  has  been  described,  this  difficulty  ceases. 
In  the  same  manner,  it  has  often  been  objected  to  the 
igneous  theory  of  trap,  that  it  is  inconsistent  with 
the  presence  of  clay  or  unconsolidated  rocks  in  the 
subjacent  positions  in  which  they  sometimes  occur. 
The  case  described  as  existing  in  Bute,  solves  this 
difficulty;  as  it  will  explain  many  others  where  similar 
anomalies  have  been  found  to  exist. 

Of  the  mechanical  Agents  which  tend  to  destroy 

Rocks. 

The  mechanical  causes  which  operate  in  effecting 
the  destruction  of  rocks  may  act,  either  on  masses 
already  decomposed,  or  on  rocks  which  have  under- 
gone no  change;  but  it  is  unnecessary  to  distinguish 
the  two  cases.  The  most  universal  of  these  is  fric- 
tion, which  is  here  enumerated  in  the  first  place,  al- 
though not  always  called  into  action  till  the  larger 
parts  have  been  separated  by  other  causes.  But  it  i§ 
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water  which  is  here  the  moving  force.  Aided  by  the  power 
of  gravity,  or  urged  by  the  violence  of  the  winds,  it 
impels  against  each  other  and  against  the  solid  rocks, 
those  fragments  which  have  been  detached;  reducing 
them  to  powder,  or  to  sand  and  clay,  as  far  as  its 
power  extends ;  and,  where  that  has  been  exhausted, 
leaving  the  larger  fragments  at  rest  on  the  plains  or 
on  the  bottom  of  the  ocean.  The  efforts  of  this 
power  are  most  conspicuous  in  mountainous  countries, 
where  the  agents  may  be  seen  at  work  in  the  bed  of 
every  torrent;  but  if  we  would  look  for  the  effects 
which  it  produces,  we  must  search  the  plains,  the 
rivers,  and  the  bottom  of  the  sea.  It  is  here  that 
nature  accumulates  the  collected  labour  of  ages  in 
one  spot,,  as  evidences  of  the  power  of  that  element 
which  the  geologist  must  never  forget, — Time. 

It  is  easy  to  examine,  even  the  smallest  effects  of 
friction,  in  the  rounding  of  the  stones  found  in  the 
beds  of  rivers,  and  in  the  sand  and  clay  which  they 
deposit.  Near  the  sources  of  the  torrents,  the  frag- 
ments of  rocks  are  angular  and  the  waters  are  clear, 
except  where  they  may  invade  a  soil  already  decom- 
posed. As  we  proceed  along  their  courses,  marks 
of  wear  are  perceived  in  the  stones  which  they  hurry 
along:  by  degrees  they  become  rounded,  gravel  and 
sand  are  intermixed  with  them,  and,  as  at  length  we 
reach  the  plains,  the  finest  particles  alone  are  suspended 
in  the  shape  of  clay;  being  deposited  along  its  course 
as  the  velocity  slackens  and  as  gravity  may  direct; 
and,  at  length,  as  they  outlive  these  actions,  carried 
into  the  ocean,  thence  never  to  return  again  in  the 
same  forms. 

The  marks  of  this  force  are  no  less  visible  on  the 
solid  rocks  ;  in  the  deep  furrows  which  are  every 
where  to  be  seen  in  the  beds  of  rivers,  produced  by 
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the  incessant  friction  of  the  heavy  bodies  carried  along 
their  surfaces.  These  furrows,  it  is  well  known,  are 
found  in  places  where  rivers  no  longer  flow,  and  they 
have  been  supposed  the  marks  of  antient  deluges.  In 
many  of  the  instances  that  have  been  adduced,  they 
are  clearly  the  effects  of  rivers  which  have  changed 
their  places ;  but  as  there  is  much  that  depends  on 
this  question,  unconnected  with  the  present  inquiry, 
it  needs  not  be  agitated  at  present. 

As  the  accumulated  products  of  friction  are  best  exa- 
mined in  the  plains  and  on  the  sea  shores,  so  its  effects 
on  the  solid  rocks  may  most  advantageously  be  wit- 
nessed in  the  deep  sections  which  the  torrents  pro- 
duce in  the  mountains.  That  these  are  really  the 
effects  of  friction,  is  proved  by  the  accurate  corre- 
spondence of  the  rocks  on  the  opposite  sides.  But  no 
where  is  it  more  clearly  evinced  than  in  the  falls  of 
rivers,  where  these  forces  act  with  increased  energy  ; 
the  traces  of  cascades  being  frequently  found  far  re- 
mote from  the  present  places  of  the  falls,  and  pre- 
serving the  most  impressive  records  of  all  that  has 
been  destroyed. 

But  it  is  not  only  in  rivers  that  the  power  of  water  is 
exerted  in  causing  the  hard  materials  of  the  earth  to 
contribute  to  each  other's  destruction.  The  fragments 
which  rains  and  frosts  have  separated  from  the  cliffs 
of  the  sea  shore,  rolled  without  ceasing  by  the  efforts 
of  the  waves  and  the  tides,  are  gradually  reduced  to 
powder;  forming  beds  of  sand  and  mud,  and  contri- 
buting, during  their  own  destruction,  to  that  of  the 
solid  rocks  against  which  they  are  incessantly  impelled. 
But  the  great  destruction  of  the  sea  cliffs,  that  of 
which  the  traces  are  so  strongly  recorded  in  the  out- 
lines of  all  rocky  coasts,  is  produced  by  causes  of  a  far 


248  ON    THE    DESTRUCTION    OF    ROCKS. 

more  active   nature,  which   it  is  next  my  business  to 
consider. 

If  in  contemplating   the  towering  peaks  and  the 
solid  precipices  of  an  alpine  region,  braving  the  fury  of 
the  elements  and  the  floods  of  winter,  the  spectator  is 
at  first  impressed  with  the  character  of  strength  and 
solidity  which  nature  here  seems  to  have  conferred  ori 
her  works,  it  requires  b.ut  a  moment's  reflection  to 
show,  that  every  thing  around  him  bears  the  marks  of 
ruin  and  decay.     Here  he  learns  to  withhold  his  regret 
at  the  perishable  nature  of  all  human  labours,  at  the 
fall  of  the  strong  tower  and  the  solid  pyramid,  when 
he  sees  that  the  most  massive  rocks,  those  mountains 
which  seem  calculated  for  eternal  duration,  bear  alike 
the  marks  of  vicissitude  and  the  traces  of  ruin.     Gra- 
vity is  here  the  great  agent  in  those  changes  which 
most  forcibly  arrest  his  attention  ;  changes  by  which 
the  solid  precipices  are  shivered  into  atoms  and  hurried 
into  the  valleys  beneath. 

In  these  great  revolutions  however,  other  agents 
must  co-operate ;  and  the  first  here  to  be  considered 
is  the  power  of  frost.  Expanding  as  it  freezes,  the 
water  which  has  entered  the  fissures,  acts  with  irre- 
sistible force,  and  detaches  those  enormous  masses 
which,  in  the  seasons  of  winter  and  spring,  daily  fall 
from  the  mountains.  In  Greenland,  it  is  said  that 
these  effects  often  take  place  with  a  noise  emulating 
thunder;  but,  if  less  conspicuous,  they  are  sufficiently 
common  in  all  the  alpine  regions  that  are  subject  to 
the  extreme  vicissitudes  of  heat  and  cold. 

It  is  to  causes  of  this  nature  that  the  great  ruin  of 
the  sea  cliffs  is  to  be  attributed,  and  not  to  the  force 
of  the  stones  which  the  tide  impels  against  their  bases, 
as  has  been  sometimes  asserted.  No  stronger  proof 
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of  this  is  required  than   that   which   is   open   to   in- 
spection on  the   shores   of  our  own  island.     In   the 
Western  Islands   of    Scotland,    it  is  often   rendered 
very   conspicuous  by  the  prolonged   basements    and 
ledges  which  skirt  the  cliffs,    rising  precisely  to   the 
level  of  high  water.      This   effect  is  exceedingly   re- 
markable in  Sky,    and  in  the  neighbouring   islands  ; 
where  it  is  not  limited  to  any  class  of  rock,  although 
most    conspicuously     exhibited    in   the   trap   family. 
Thus  we  find  towers  and  pinnacles  rising  out  of  the 
sea,  pitched  on  a  wide  base  below  it,   and  waiting  for 
the  day  which  is  to  level  alike  the   whole   structure. 
Hence  the  approach  to  these  rugged   and  dangerous 
shores  is  rendered  impracticable  by  the  long  ledges  of 
rock  which  skirt  them,  on  which  a  formidable  surf  is 
for  ever  breaking.     Hence  also  those  sunk  rocks,  the 
terror  of  the  mariner,  and  the  remains  of  those  which 
once  towered  above  the  water,  but  are  now  at  length 
secured  from  further  destruction.      Thus,    as  the   at- 
mosphere destroys,  the   sea  protects,    for  a  time  at 
least,  from  further  injury  ;  preserving,  in   these  mo- 
numents,   the  most  impressive  records   of  what  the 
land  once  was.      In   Arran,    the  long  piers,    the   re- 
mains of  trap  veins,  which  stretch  out  into  the  sea  on 
all  sides,  thus  serve  to  mark  the  former  extent  of  the 
less  durable  land   which   has  at  length   submitted  to 
that  power  from  which  even  these   records   will   not 
for  ever  be  exempted. 

It  is  not  however  to  frost  alone  that  we  must  at- 
tribute those  enormous  masses  of  ruin  which  so  often 
fall  in  alpine  regions,  burying  the  plains  together 
with  their  inhabitants,  and,  in  our  own  diminutive 
Alps,  causing  those  slides  of  large  portions  of  the 
hills  which  may  be  seen  in  numerous  places.  In 
these  slides, -the  geologist  may  often  study  the  dimi- 
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native  copies  of  those  far  greater  movements  which 
have  formerly  involved  whole  countries  ;  producing 
the  dislocations  of  the  strata,  and  presenting,  at  their 
places  of  fracture,  the  models  of  mineral  veins. 

The  exact  causes  of  these  great  revolutions  have 
not  always  been  ascertained  ;  but  they  have  been  at- 
tributed, in  many  cases,  and  apparently  with  justice, 
to  the  action  of  water.  In  other  instances,  they 
appear  to  have  resulted  merely  from  the  effects  of 
gravity,  acting  through  a  long  period,  on  masses, 
of  which  the  support  was  gradually  becoming  en- 
feebled ;  till,  the  powers  of  resistance  yielding  to 
those  of  motion,  the  whole  has  given  way.  A  few 
of  the  instances  recorded  by  authors  may  amuse  the 
reader,  and  diminish  the  dulness  of  continued  geo- 
logical discussion. 

In  1618,  the  town  of  Pleurs,  near  Chavennes, 
containing  2000  inhabitants,  was  suddenly  over- 
whelmed, and  the  ground  is  now  covered  with  houses 
and  cultivation. 

Near  Passy,  between  Salenches  and  Servoz,  a 
mountain  thus  gave  way  in  1751,  with  such  a  tre- 
mendous concussion,  followed  by  clouds  of  dust, 
that  it  was  supposed  to  have  been  the  effects  of  a 
volcanic  eruption.  The  examination  made  of  it  by 
Donati,  renders  this  example  interesting,  as  the 
cause  was  ascertained.  It  was  found  that  the  water 
of  some  lakes  which  were  situated  above,  had  insinu- 
ated itself  between  the  strata  of  schist  and  limestone 
of  which  the  mass  was  composed  ;  and  that  its  sup- 
port having  thus  been  removed,  it  had  slidden  and 
fallen.  The  mass  of  matter  thus  displaced  was  esti- 
mated at  3,000,000  of  cubic  fathoms,  and  was  suffi- 
cient to  form  a  considerable  hill. 

But  the  most  recent  occurrence  of  this  nature  was 
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in  1806,  and  the  fall  was  so  sudden  as  to  overwhelm 
nine  out  of  thirteen  persons  who  were  travelling  near 
it  at  the  time.  This  fall  took  place  in  the  Rosenberg; 
detaching  the  summit  called  the  Knippenhoul,  to- 
gether with  a  portion  of  the  adjoining  ground.  Falling 
into  the  valley  which  separates  the  Lake  of  Zug  from 
that  of  Lawertz,  and  into  the  latter  lake,  it  produced 
an  inundation  which  caused  a  great  destruction  among 
the  houses  and  the  population ;  obliterating  at  the 
same  time  a  large  portion  of  the  lake-  The  plain  is 
now  covered  by  a  hill,  a  hundred  feet  in  height,  and  a 
league  and  half  in  length  and  breadth.  In  this  case 
also,  the  cause  was  of  the  same  nature,  originating  in 
a  lake  situated  above  Spietsfleu- 

It  is  unnecessary  to  describe  the  minor  events  of  the 
same  nature  which  have  occurred  in  our  own  country, 
as  the  causes  have  not  always  been  so  well  ascertained. 
But  it  ought  to  be  added,  that,  in  the  Alps,  great 
devastation  is  sometimes  produced  by  the  sudden 
eruption  of  lakes,  caused  by  the  wasting  and  bursting  of 
their  barriers  ;  instances  of  which  have  been  noticed 
by  De  Luc  and  by  Saussure. 

In  terminating  this  subject,  it  must  now  be  re- 
marked, that  the  progress  of  disintegration  and  de- 
composition is  resisted  by  vegetation,  and  by  the 
accumulation  of  alluvial  soil  ;  as  it  further  is,  in  the 
lower  lands,  by  the  diminution  of  the  power  of 
gravity,  and  by  the  gradually  diminishing  ratio  of  the 
other  active  powers  of  destruction.  Thus  it  has  been 
remarked  by  Dolomieu,  that,  in  the  Lipari  isles,  the 
volcanic  fragments  are  first  arrested  by  the  vegetation 
of  shrubby  plants,  until,  finally  consolidated  by  a 
more  minute  vegetation,  they  become  a  firm  and 
permanent  covering  to  the  mountains.  In  a  similar 
manner,  in  Sky,  the  dense  coat  of  peat,  impermeable 
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alike  to  air  and  water,  protects  from  further  waste, 
that  decomposed  trap  which  would  otherwise  shortly 
be  hurried  into  the  sea  by  the  rains  of  this  watery 
climate.  But  here,  that  which  might  benefit  may 
also  injure;  as  the  rocks  capable  of  producing  fertile 
soils  when  exposed,  such  as  the  limestones  and  traps, 
are  thus  excluded  from  the  reach  of  destructive  but 
useful  agents,  till  the  Jabour  of  man  learns  to  co- 
operate with  the  designs  of  nature. 

In  all  these  operations,  we  trace  the  beneficent  hand 
of  Nature,  which,  by  an  admirable  counterpoise  of 
the  causes  of  ruin,  supplies  from  the  higher  lands 
that  which  the  daily  operations  of  the  rains  are  re- 
moving from  the  lower.  Wherever  soil  is  removed, 
it  becomes  thus  replaced;  and,  if  not  from  the  higher 
lands,  it  is  renewed  by  means  of  the  access  which  the 
elements  obtain  to  the  rocks  beneath,  in  consequence 
of  the  removal  of  their  protecting  covering.  Thus 
also,  where  the  destruction  is  greatest,  the  supply  be- 
comes proportionally  rapid ;  preserving  that  state  of 
perpetual  youth  which,  under  whatever  changes,  is 
still  present  in  all  the  works  of  Nature's  hand. 

Thus  far  the  processes  of  destruction,  or  the  decom- 
position and  the  disintegration  of  rocks,  have  been 
considered  under  their  simplest  modes,  and  as  they  re- 
late to  the  immediate  effects  which  follow  them,  namely, 
the  demolition  of  the  solid  land,  the  formation  of 
soils,  and  the  deposition  of  loose  materials  in  new 
situations.  It  remains  to  examine  some  peculiarities 
in  the  process  of  decomposition,  which  are  interesting 
to  the  geologist  in  another  point  of  view ;  being  re- 
markable, partly  from  their  singularity  and  the  dif- 
ficultyof  explaining  them,  and  partly  from  discovering 
to  us  some  peculiarities  in  the  concretionary  structure 
of  rocks,  that  would  not  otherwise  be  conjectured. 
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Of  the  Desquamation  of  Rocks. 

It  is  well  known  that  many  rocks  of  the  trap  fami- 
ly, undergo  a  process  of  desquamation  after  a  long 
exposure  to  air,  and  are  thus  gradually  resolved  into 
crusts,  which  continue  to  fall  off  in  succession,  at 
length  mouldering  into  clay.  The  same  appearance, 
although  more  rarely,  occurs  also  in  granite ;  and,  in 
both  cases,  it  has  been  conceived  to  depend  on  an  in- 
ternal concretionary  structure,  and  to  indicate  the 
mode  in  which  the  constituent  parts  of  the  rock  are 
arranged,  which,  however  invisible  in  the  fresh  frac- 
ture, is  thus  rendered  evident  by  the  progress  of  de- 
composition. In  the  case  of  the  columnar  traps, 
whether  basalt  or  greenstone,  this  desquamation  of- 
ten proceeds  in  such  a  manner,  from  the  circumference 
of  a  joint  towards  the  centre,  that  the  result  is  a  sphe- 
roidal body. 

This  effect,  compared  with  the  spheroidal  concre- 
tionary structure  which  is  known  to  take  place  in 
basalt  artificially  fused,  has  appeared  sufficient  to  justi- 
fy the  general  conclusion  that  all  appearances  of  a 
similar  nature  depend  on  the  same  cause;  and,  by  a 
slight  addition,  it  has  been  held  sufficient  also  to  ac- 
count for  the  jointed  and  columnar  structure  of  the 
rock  in  which  it  occurs.  The  result  of  a  more  careful 
examination  has  been  to  prove,  that  two  causes,  per- 
fectly distinct  from  each  other,  operate  in  producing 
the  same  effects;  and  a  detail  of  the  facts  in  question 
will  not  only  serve  as  a  caution  against  the  universal 
adoption  of  a  well-known  rule  in  philosophizing,  but 
to  record  an  interesting  circumstance  in  the  history  ot 
the  rocks  in  which  these  appearances  have  been 
observed. 


ON    THE    DESTRUCTION    OF    ROCKS. 

Of  the  Desquamation  of  Granite. 

In  some  columns  of  red  granite  brought  from 
Leptis  in  Africa  and  lately  in  the  British  museum, 
the  shafts  are  in  the  act  of  desquamation ;  casting  off 
crusts  similar  to  those  which  are  occasionally  seen  in 
natural  blocks  of  granite,  and  equally  resembling, 
except  in  their  superior,  integrity,  those  which  are 
found  on  the  surfaces  of  the  columnar  trap  rocks  after 
exposure  to  the  weather.  It  is  obvious  that  the  form 
of  the  shafts  can  bear  no  relation  to  the  original  forms 
of  the  blocks  of  granite  from  which  they  had  been 
wrought;  and  it  necessarily  follows,  that  this  desqua- 
mation can  not  depend  on  an  internal  concretionary 
structure,  but  must  have  resulted  from  the  action  of 
the  weather  on  the  exposed  surfaces. 

It  is  worthy  of  remark,  that,  in  this  case,  the  de- 
tached crust  is  not  decomposed,  and  that,  except  in 
tenderness  and  fragility,  it  appears  scarcely  changed 
from  its  natural  state,  Nor  is  any  stratum  of  clay  or 
decomposed  matter  found  at  the  place  where  the  crust 
separates  from  the  solid  block;  at  least  none  such 
was  found  in  the  places  which  I  had  an  opportunity 
of  examining. 

The  decomposition  of  rocks  has  in  most  cases,  and 
with  justice,  been  attributed  to  changes  in  the  state 
of  the  iron  entering  into  them  ;  but  it  is  evident, 
that  neither  this,  nor  the  other  causes  which  have 
been  supposed  to  produce  that  effect,  are  capable  of 
explaining  the  very  singular  process  in  question ;  as 
it  is  not  conceivable  how  the  ordinary  action  of  the 
atmosphere  should  affect  the  interior  part  of  the  stone, 
while  the  surface  more  immediately  exposed  to  its 
agency  has  escaped.  Now,  in  examining  with  atten- 


ON    THE    DESTRUCTION    OF    ROCKS.  255 

tion  those  cases  in  nature  where  the  same  process 
takes  place  on  the  exposed  surfaces,  it  will  be  found 
that  the  desquamation  of  the  prismatic  or  cuboidal 
masses  of  granite  which  are  susceptible  of  this  change, 
takes  place  all  round  the  surface,  respecting  some 
imaginary  point  or  centre,  and  promising,  in  the  pro- 
gress of  time,  to  reduce  the  whole  to  a  smaller  and  more 
spheroidal  mass.  Hence  no  conclusion  can  be  drawn 
as  to  the  cause;  since  the  desquamation  may,  in  this 
case,  be  either  the  result  of  an  internal  concretionary 
and  laminar  structure  respecting  one  centre,  or  the 
consequence  of  a  process  similar  to  that  occurring  in 
the  columns  of  Leptis. 

But  in  examining  other  cases  of  desquamation  in 
granite,  a  different  appearance  will  be  observed.  In 
these,  it  may  be  seen  that  a  single  block  desquamates 
in  a  manner  so  complicated  that  no  parallelism  is  main- 
tained between  the  surfaces  of  the  stones  and  the 
crusts;  and  as,  in  some  cases,  such  blocks  are  so 
thoroughly  softened  as  to  admit  of  being  cut  by  a 
spade,  it  is  not  difficult  to  discover  that  more  than 
one,  or  even  two  centres  of  desquamation,  exist  in  a 
single  mass;  the  surfaces  of  the  different  spheroids 
interfering  and  compressing  each  other  where  they 
come  into  contact;  and  the  intermediate  parts,  which 
are  still  required  to  fill  up  the  solid,  consisting  of 
deficient  portions  of  crusts,  respecting  one  or  other 
of  the  approximate,  imbedded  or  internal  spheroids. 
It  is  evident  that,  in  these  instances,  the  effect  could 
not  have  resulted  from  the  action  which  produced 
the  crusts  on  the  columns  just  described;  but  that  it 
must  have  been  determined  by  other  causes,  depending 
on  an  interior  structure,  the  existence  of  which  has 
already  been  proved.  Thus,  two  distinct  causes  act 
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in  producing  the  desquarnation  of  granite ;  and  as,  in 
cuboidal  blocks,  it  cannot  be  determined  to  which  of 
these  the  effect  must  be  assigned,  the  same  difficulty 
often  occurs  in  those  cases  where  the  desquarnation 
takes  place  in  straight  laminae.  This  is  the  case  of 
schistose  granite,  as  it  has  been  termed. 

The  island  of  Arran  affords  very  accessible  exam- 
ples of  this,  and  it  is  Disposed,  most  generally,  in 
extended  laminae  of  large  dimensions,  but  is  also  occa- 
sionally prismatic.  The  forcible  fracture  of  these 
blocks  does  not  detect  the  slightest  indication  of  a 
laminar  structure ;  and  there  is  no  foliated  disposition 
in  the  integrant  parts  of  the  rock,  which  can  account 
for  this  desquamation  ;  as  it  does  not  bear  the  slightest 
resemblance,  even  to  granitic  gneiss. 

The  detached  laminae  are  not  less  tenacious  than 
artificial  ones  of  the  same  thickness  would  be ;  ap- 
pearing indeed,  in  every  respect,  perfectly  natural. 
Neither  do  their  surfaces  exhibit  any  signs  of  decom- 
position ;  being,  on  the  contrary,  brilliant  and  clean, 
as  if  cut  by  art.  The  same  cleanness  and  freshness  of 
both  the  surfaces  in  contact,  are  found  where  the 
laminae  and  the  block  are  separated  ;  nor  is  there  any 
loose  matter  generated,  nor  any  appearances  of  de- 
composition in  the  plane  which  disjoins  them.  The 
thickness  of  the  laminae  varies  from  one  eighth  to  a 
quarter  of  an  inch,  but  they  are  seldom  uniform,  in 
this  respect,  throughout. 

From  the  nature  of  the  desquamating  crusts,  it 
might  be  supposed  that  this  case  resembled  that  of 
the  columns  ;  but,  in  this  granite,  the  desqnamation 
takes  place  only  on  that  surface  which  is  parallel  to 
the  chief  planes  of  the  great  laminae  of  the  rock,  and 
not  on  the  sides  of  the  prisms ;  whence  it  is  probable 
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that  the  great  concretionary  structure  which  formed 
the  large  laminae,  is  also  the  cause  which  influenced 
the  desquamation  of  the  small  one. 

Of  the  Desquamation  of  Trap. 

It  will  next  be  seen,  that  although  some  of  the 
examples  of  this  occurrence  in  the  trap  rocks,  are 
truly  dependent  on  the  concretionary  structure,  others 
are  as  unquestionably  the  result  of  actions  similar  to 
those  which  produce  the  desquamation  in  artificial 
blocks  of  granite.  Thus  they  confirm  the  views, 
already  held  out,  of  one  common  effect  proceeding 
from  two  causes  ;  while  they  also  offer  another  ana- 
logy, to  add  to  the  numerous  resemblances  which 
exist  between  granite  and  the  rocks  of  the  Trap 
family. 

In  the  columnar  traps,  whether  basalt  or  green- 
stone, the  crusts  fall  off  in  succession ,  in  such  a 
manner  that  the  angular  or  prismatic  form  at  length 
disappears ;  and  the  ultimate  result  is  therefore  a 
spheroidal  body,  destined  finally  to  be  also  resolved 
into  clay.  It  most  frequently  happens,  that  as  the 
crusts  are  separated,  they  also  fall  to  pieces,  or  be- 
come loose  clay ;  but,  occasionally,  they  retain  a 
considerable  degree  of  tenacity ;  although,  by  the 
changes  of  their  colour  from  the  natural  dark  blue  to 
brown,  it  is  evident  that  the  iron  has  undergone  a 
chemical  alteration  ;  being  converted  from  protoxyde 
to  rust. 

Where  similar  rocks  possess  a  rude  and  imperfect 
prismatic  structure,  the  same  effects  also  take  place  ; 
the  surfaces  of  the  prisms  desquamating  in  such  a 
manner  as  to  leave  a  congeries  of  spheroidal  or  ellip- 
soidal bodies,  destined,  in  the  same  way,  to  be  ulti- 

VOL.  i.  s 
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mately  resolved  into  loose  earth.  But  these  changes 
are  not  limited  to  prismatic  trap  only,  since  they 
occur  in  other  and  different  forms  ;  being  attended 
with  the  same  final  result,  whatever  the  shape  of  the 
block  may  have  been,  namely,  the  ultimate  production 
of  spheroids. 

Although,  in  some  of  these  instances,  it  might  be 
imagined  that  the  effect  of  desquamation  was  pro- 
duced, as  in  the  case  of  the  artificial  granite  columns, 
by  the  exposure  of  the  surfaces  to  the  air,  it  will,  I 
believe,  be  found  that,  in  nearly  all,  they  truly  depend 
on  an  internal  concretionary  structure. 

The  chief  argument  for  this  opinion  will  be  found 
to  consist  in  the  effects  which  take  place  in  those  traps 
that  are  not  jointed,  as  well  as  in  those  masses  which 
affect  a  prismatic  fracture  without  being  absolutely 
divided  into  prismatic  forms.  In  these,  as  in  some 
of  the  cases  of  exfoliating  granite,  the  desquamation  is 
of  a  complicated  nature,  referring  to  more  than  one 
centre.  Thus,  in  a  single  unjointed  prism,  the  same 
result  takes  place  as  in  those  with  joints ;  numerous 
spheroids  being  discovered  in  its  length,  resulting  from 
the  progress  of  desquamation.  The  same  effect  is 
produced  in  those  irregular  masses  which  are  charac- 
terized merely  by  a  prismatic  fracture  ;  as  the  exfolia- 
tion commences  in  many  different  places,  referable  to 
different  central  points,  so  as  to  leave,  in  the  same  way, 
a  number  of  spheroidal  bodies  imbedded  in  a  mass  of 
loose  crusts  and  clay.  It  is  further,  indeed,  often  to 
be  observed,  that  in  cuboidal  or  otherwise  irregular 
blocks  which  have  neither  prismatic  form  nor  ten- 
dency, there  are  several  centres  of  exfoliation :  nu- 
merous balls  being  thus  finally  extricated  from  a  single 
solid  block,  of  which  all  the  surfaces  are  equally 
exposed  to  the  action  or  contact  of  the  atmosphere. 


ON    THE    DESTRUCTION    OF    ROCKS.  259 

It  must  now  be  observed  on  the  other  hand,  that 
masses  and  fragments  of  trap,  which  have  received 
their  forms  by  art  or  accident,  sometimes  show  the 
same  tendency  to  exfoliation  on  all  the  exposed  sur- 
faces ;  into  whatever  forms  they  may  have  been 
broken,  and  whatever  their  size  may  be.  In  the 
smaller  fragments,  the  process  has  sometimes  been 
carried  so  far  as  to  leave  solid  balls  covered  with  a 
succession  of  crusts  easily  detached.  It  is  plain  that, 
in  the  case  of  irregular  fragments  so  formed,  no  con- 
cretionary structure  can  be  suspected ;  as  it  is  not 
within  the  limits  of  possibility  that  they  should  have 
been  broken  from  the  larger  masses,  in  a  fortuitous 
manner,  and  so  that  the  centre  of  the  fragments 
should  have  coincided  with  a  concretionary  centre. 

It  will  render  this  subject  more  complete,  to  extend 
this  inquiry  to  the  case  of  the  schistose,  or  laminar 
trap ;  a  subject  which  has  either  been  neglected  or 
much  misapprehended. 

The  tendency  to  flat  laminar  exfoliation  on  the 
surfaces,  is  more  common  in  the  rocks  of  this  exten- 
sive family,  than  the  spheroidal,  since  it  occurs  in 
every  species  that  I  have  examined;  whereas  the  latter 
is  rarely  found  except  in  basalts  and  greenstones.  The 
internal  flat  laminar  structure  which  is  independent  of 
the  agency  of  the  atmosphere,  seems  also  to  exist  in 
a  greater  number  of  species  than  the  spheroidal  con- 
cretionary form  does. 

This  species  of  exfoliation  of  the  surface  of  trap, 
occurs  in  so  many  parts  of  the  Western  Islands  of 
Scotland,  that  it  is  unnecessary  to  particularize  the 
instances.  In  one  or  two,  it  is  found  in  a  claystone 
of  a  columnar  form  ;  the  exfoliation  being  at  right 
angles  to  the  axis  of  the  prism.  There  are  rarely 
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more  than  the  indications  of  three  or  four  divisions ; 
not  above  one  or  two  of  these  being  so  far  separated 
as  to  admit  of  being  removed,  and  the  deeper  parts  of 
the  rock  remaining  unaffected,  so  that  this  structure 
cannot  be  inferred  to  pervade  the  whole.  As  the 
irregular  rocks  are  much  more  common  than  the 
columnar,  the  instances  of  schistose  exfoliation  are,  in 
these,  similarly,  more  frequent. 

Among  the  different  kinds,  the  only  one  which 
presents  a  large  laminar  disposition  analogous  to  that 
of  granite,  is  Hypersthene  rock.  In  this,  the  exfolia- 
tion sometimes  occurs  on  the  surface  ;  but  it  is  always 
limited  to  one  scale  or  lamina,  which,  in  its  thickness 
and  tenacity,  and  in  the  general  appearance  at  the 
plane  of  separation,  exactly  resembles  that  which  is 
produced  in  the  schistose  granites. 

Few  marks  of  such  a  large  laminar  disposition  are 
to  be  observed  in  the  Syenites,  claystones,  and  clink- 
stones, or  in  the  porphyries  derived  from  the  two 
latter  rocks ;  though  Mull  presents  some  remarkable 
exceptions.  No  relation  can  therefore  be  inferred 
between  the  direction  of  the  exfoliation  and  that  of  a 
larger  mass ;  and  accordingly,  we  can  only  conclude 
that,  whatever  surface  is  thus  found  exfoliating,  the 
direction  of  this  change  relates  to  that  of  the  exposed 
surface.  Yet  as  these  rocks  seldom  exfoliate  in  two 
directions  at  any  one  place,  it  is  probable  that  this 
tendency  does  actually  bear  some  relation  to  the  inter- 
nal structure  of  a  mass,  though  no  other  indications 
of  it  are  visible.  That  such  a  structure  does  occur  in 
many  traps,  is  an  argument  in  favour  of  this  opinion. 

The  number  of  successive  laminae  which  may  be 
detached  from  any  of  the  rocks  last  named,  is  various ; 
but  I  know  not  that  it  bears  any  constant  relation  to 
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the  species.  I  have  observed  only,  that  when  they  do 
occur,  they  are  more  numerous  in  the  softer  clay- 
stones  than  in  the  Syenites,  or  in  the  rocks  with  a 
base  of  clinkstone.  If  one,  two  or  three,  can  be 
detached  in  succession,  that  facility  soon  ceases ; 
and,  after  some  partial  indications  of  future  desqua- 
mation,  the  rock  is  found  to  be  massive,  and  to  give 
no  marks  of  the  future  renewal  of  a  similar  process ; 
though  there  can  be  little  doubt  that  it  will  continue 
in  succession,  as  the  preceding  laminae  become  de- 
tached. Such  laminae  generally  present  the  same 
average,  but  variable  thickness,  already  mentioned. 
The  surfaces  are  also  occasionally  undulated  or  irre- 
gular, and,  in  a  few  instances,  slightly  curved.  From 
preserving  the  tenacity  of  stone,  it  is  generally  sup- 
posed that  they  are  unchanged,  and  that  they  present 
the  natural  characters  of  the  rock  to  which  they 
belong.  But  this  is  not  the  fact ;  and  they  will  be 
found,  in  this  important  circumstance,  to  differ  essen- 
tially from  those  laminae  which  pervade  the  interior 
of  veins,  and  which  arise  from  an  internal  concre- 
tionary structure. 

The  deception  has,  in  these  cases,  arisen  from  the 
great  depth  already  noticed,  to  which  the  rocks  of 
this  family  are  sometimes  affected  by  the  weather 
without  losing  their  tenacity  ;  undergoing  little  ap- 
parent change  but  that  of  colour.  Hence  the  solid 
parts  of  such  rocks,  when  broken,  even  below  the 
exfoliating  surfaces,  will  be  found  to  present  the 
same  appearance  as  the  detached  scales.  But  if  a 
deeper  section  be  made,  it  will,  I  believe,  invariably 
be  observed,  that  the  natural  state  of  the  rock  is 
different,  and  that  the  process  of  exfoliation  has 
arisen  from  a  partial  decomposition.  To  a  miscon- 
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ception  of  the  nature  of  this  phenomenon,  we  are 
indebted  for  the  very  improper  term  Porphyry  slate, 
and  the  much  more  improper  distinction. 

Of  the  Desquamation  of  micaceous  Schist. 

Whatever  difficulties  may  appear  to  exist  in  ex- 
plaining these  appearances,  they  are  exceeded  by  a 
similar  one  in  Micaceous  schist ;  although,  but  one 
example  of  this,  has  occurred  during  my  researches. 
It  is  in  the  large  block  known  by  the  name  of 
Ossian's  tomb,  which  lies  in  Glen  Almond. 

Although  this  stone  bears,  on  all  the  surfaces, 
those  slight  marks  of  decomposition  so  well  known 
in  micaceous  schist,  which  consists  in  the  rusting  of 
the  iron  in  the  mica,  it  is  only  on  one  side  that  the 
peculiar  effect  in  question  has  taken  place ;  being 
that  on  which  the  wind  and  rain  beat  with  most  vio- 
lence. From  nearly  the  whole  of  this  surface,  scales 
of  the  rock  can  be  detached ;  scarcely  differing  in 
tenacity  and  hardness  from  the  original  stone,  and 
thus  resembling  those  which  exfoliate  from  the  gra- 
nite columns.  Their  thickness  varies  in  different 
parts,  from  the  sixth  of  an  inch  to  nearly  the  half; 
and  they  may  be  obtained  in  plates  of  considerable 
extent.  At  the  planes  where  they  separate  from  the 
mass  of  the  rock,  no  marks  of  decomposition  are 
visible  ;  both  the  surfaces  being  clean  and  smooth,  as 
if  cut  by  a  sharp  tool. 

There  is  here  also  a  succession  of  similar  operations 
visible.  At  some  former  period,  the  plates  first  de- 
tached have  in  some  places,  fallen  off,  so  as  to  leave 
a  new  surface  exposed ;  and,  on  this,  the  same  de- 
squamation  has  again  taken  place,  so  that,  in  some 
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parts,  two  successive  plates  can  be  separated.  In 
other  places,  it  is  apparent  that  the  progress  is  about 
to  be  completed  at  some  future  period ;  the  edge  of 
the  scale  just  admitting  a  knife,  but  it  being  as  yet 
possible  to  detach  only  a  small  portion  at  the  margin. 
Sometimes,  there  is  even  an  indication  of  a  third 
scale :  leaving  no  doubt  that,  in  a  sufficient  length  of 
time,  the  same  process  may  be  expected  to  take  place 
through  the  whole  block,  should  the  same  external 
circumstances  continue  to  act. 

This  fact  would  have  been  in  no  respect  remark- 
able, if  the  desquamation  had  taken  place  in  a  di- 
rection parallel  to  the  laminar  structure  of  the  stone. 
But  it  occurs  at  considerable  angles  to  that,  so  as  to 
produce  a  scale  or  slate,  which  consists  of  parallel 
bands  of  quartz  and  mica  :  both  of  them  remaining 
unchanged,  as  in  the  solid  rock,  but  easily  separated, 
in  consequence  of  the  fragility  of  the  micaceous  band. 
It  is  evident  therefore,  that  in  this  instance,  the  de- 
squamation is,  not  only,  not  produced  by  the  peculiar 
structure  of  the  rock,  but  is  utterly  independent  of 
it.  Under  the  same  circumstances,  it  might  equally 
be  expected  to  occur,  either  in  a  mass  of  pure  quartz 
rock,  or  in  a  micaceous  schist  of  a  more  simple  and 
homogeneous  nature ;  and,  in  this  latter  case,  the 
schist  might  desquamate  at  angles  to  its  fissile  ten- 
dency. Such  an  occurrence  would  excite  surprise ; 
but  there  is  no  apparent  reason  why  it  might  not 
happen  in  either  of  these  rocks  in  a  separate  state,  as 
it  does  here  where  they  are  intermixed  in  distinct 
laminae. 

The  peculiar  circumstances  of  predominant  ex- 
posure to  the  weather  on  the  one  side  of  this  rock 
where  the  desquamation  takes  place,  contribute  to 
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prove,  still  more  clearly  than  in  many  of  the  instances 
formerly  enumerated,  that  the  whole  of  this  process 
is  caused  by  the  action  of  the  atmosphere  and  the 
rains.  However  mysterious  it  may  at  present  appear, 
it  is  the  result  of  some  chemical  agencies  which  can- 
not for  ever  be  concealed.  How  far  it  may  be  con- 
nected with  any  circumstances  of  the  same  nature 
more  generally  interesting,  it  is  impossible  to  foresee. 
But  like  all  new  facts  in  an  obscure  science,  it  is 
worthy  of  record.  In  multiplying  the  examples  of 
difficulties  and  obscurities,  they  become  gradually  re- 
moved from  the  list  of  exceptions ;  while  the  varieties 
which  are  discovered  in  them  on  the  comparison  of 
many  examples,  sometimes  point  out  the  causes 
which  have  influenced  the  whole. 

Of   some  peculiar  Modes  of  Decomposition  in  the 
Rocks  that  have  a  venous  and  cavernous  Structure. 

It  was  formerly  remarked,  when  on  the  subject  of 
internal  structure  in  rocks,  that  the  existence  of  u 
venous  and  reticulating  arrangement  in  the  parts  of 
granite  and  of  some  other  rocks,  was  detected  only 
by  the  consequences  of  decomposition.  This  ap- 
pearance is  more  common  and  more  easily  observed 
in  granite  than  in  any  other  rock,  but  it  also  occurs 
in  gneiss  and  micaceous  schist.  Wherever  it  happens, 
the  surfaces  exposed,  either  to  the  weather  alone,  or 
to  that  imperceptible  friction  which  is  caused  by  the 
tread  of  animals,  the  motion  of  water,  or  other 
slighter  actions,  are  corroded  into  shallow  and  un- 
equal cavities  ;  the  boundaries  and  forms  of  which 
are  determined  by  the  casual  reticulations  of  the 
harder  and  more  refractory  veins  by  which  the  rock 
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is  intersected.  In  many  places  in  Aberdecnshire, 
where  the  whole  mass  of  granite  has  decomposed 
together,  in  the  manner  hereafter  described,  the  per- 
manence of  these  veins  produces  very  remarkable 
appearances.  While  all  the  surrounding  rock  is 
converted  into  clay  and  gravel,  the  veins  remain  en- 
tire, and  may  be  removed  in  solid  pieces  of  consi- 
derable dimensions  resembling  slates. 

The  oval  or  oblong  cavities  which  are  occasionally 
seen  in  many  of  the  stratified  rocks,  and  which  some- 
times strongly  resemble  the  human  footstep,  seem  to 
belong  to  the  same  cause.  A  most  remarkable  in- 
stance of  these  is  seen  at  the  entrance  of  Loch 
Craignish  on  the  west  coast  of  Scotland,  where  a 
double  and  alternating  row  is  prolonged  for  some 
distance,  in  a  variety  of  chlorite  schist,  in  a  manner 
so  accurate  as  to  represent  a  series  of  the  foot-prints 
of  an  individual.  In  limestone,  similar  marks  are 
familiar,  and  they  also  occur  in  clay  slate,  in 
Galloway. 

The  decomposition  of  the  secondary  sandstones  is 
often  attended  by  a  great  number  of  extraordinary 
appearances  besides  that  above  named ;  the  conse- 
quences of  internal  structures  which  could  not  be 
suspected,  and  of  which  the  fracture  of  the  unaltered 
rock  gives  no  indications.  The  spheroids  of  Egg, 
often  reaching  to  three  feet  in  diameter,  are  disco- 
vered only  by  the  crumbling  of  the  including  portions  ; 
and,  in  Arran,  a  minute  structure  of  the  same  nature 
is  found,  covering  the  surfaces  which  are  exposed  to 
the  wash  of  the  sea.  On  the  shores  of  Fife,  and 
elsewhere,  the  same  process  detects  the  existence  of 
small  cylindrical  bodies  placed  in  parallel  order  at 
right  angles  to  the  planes  of  the  beds ;  as  if  colonies 
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of  the  Lumbricus  marinus  had  been  petrified  in  their 
holes  during  the  same  process  which  converted  the 
sands  of  former  sea  shores  to  stone.  The  very  unac- 
countable and  regular  schistose  structure  of  the  sand- 
stone of  Strathaird  in  Sky,  is  equally  invisible  on 
breaking  the  fresh  rock.  But  where  it  is  exposed  to 
the  action  of  the  sea,  or  to  that  of  the  winds  and 
rains,  the  edges  of  the  more  durable  laminae  protrude 
in  regular  relief;  covering  the  faces  of  the  cliffs  with 
a  continuous  architectural  ornament.  It  is  worthy 
of  remark  that,  in  this  instance,  the  influence  of  the 
associated  trap,  which  has  in  some  places  indurated 
the  original  rock  to  the  total  destruction  of  its  natural 
characters,  has  not  succeeded  in  obliterating  this 
peculiar  structure ;  and  if  the  grooves  in  the  natural 
rock  are  deep  enough  to  receive  the  hand,  their  ap- 
pearance in  the  altered  one  is  rendered  only  more 
artificial  by  their  resemblance  in  depth  and  form  to 
the  finest  flutings  of  the  Corinthian  column. 

But  the  capricious  resemblances  to  architectural 
decoration  which  sometimes  occur  during  the  wasting 
of  these  sandstones,  are  no  less  various,  than  they  are 
ornamental  when  they  are  found  in  the  stone  which 
has  already  entered  into  the  structure  of  a  building. 
Our  antient  castles,  in  many  places,  will  furnish  ex- 
amples of  this  nature  which  cannot  have  escaped  the 
notice  of  the  artist  and  antiquary,  more  than  that  of 
the  Geologist.  So  fortunately  are  they  sometimes 
placed,  and  so  much  do  they  conduce  to  the  orna- 
ment of  the  walls  where  they  exist,  that  it  is  difficult 
at  first  sight  to  avoid  imagining  that  they  have 
formed  part  of  the  architect's  design,  and  are  not 
actually  the  hatchings  and  vermiculations,  the  rustic 
work  of  the  mason's  chisel.  Nature  here  sports  in 
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emulating  the  works  of  art,  if  indeed  art  has  not  in 
this  instance  borrowed  from  Nature.  They  who  have 
amused  themselves  in  tracing  the  origin  of  the  Co- 
rinthian capital  to  the  casual  coincidence  of  a  plant 
and  a  basket,  will  find  even  less  difficulty  in  deducing 
from  the  natural  wasting  of  sandstones,  those  rustic 
basements  which  have  never  yet  equalled  it  in  variety 
and  artifice  of  design. 
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CHAP.  XIV. 

On  the  particular  Order  of  Succession  among  Rocks. 

• 

IT  had  been  so  often  and  so  confidently  said  that 
a  definite  and  constant  order  of  succession  existed 
throughout  all  rocks,  that  it  had  passed  into  an  axiom 
in  geology.  Time  has  not  yet  dissipated  this  phantom, 
though  it  is  gradually  fading  from  among  the 
realities  in  which  the  science  abounds.  As  there  are 
few  among  the  dogmas  of  geologists  which  have  more 
contributed  to  impede  the  progress  of  investigation, 
it  will  be  useful  to  examine  the  grounds  on  which  it 
still  holds  its  place.  The  first  step  in  forming  a  firm 
foundation  is  to  remove  the  tottering  materials  of  the 
old  one. 

As  the  doctrine  of  universal  formations  is  in  a  great 
measure  implicated  in  this  hypothesis,  the  same  ex- 
amination will  serve  to  try  the  truth  of  both.  Such 
also  are  the  catenations  of  hypotheses,  that  I  must 
equally  notice  that  branch  of  the  same  theory,  which 
asserts  that  the  successive  rocks  are  found  to  terminate 
at  lower  levels  above  the  mean  surface  of  the  earth, 
in  an  order  corresponding  to  that  of  their  superposition 
or  formation. 

As  also  it  is  held  to  be  unfair  to  examine  part  of  a 
theory  separated  from  its  connexions  with  the  re- 
mainder, it  must  be  remembered  that  in  this  one  it  is 
asserted  that  no  extensive  denudations  of  the  surface 
have  taken  place,  particularly  in  antient  times. 

In  strictness  of  meaning,  the  term  universal  forma- 
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tlons  implies  that  every  rock,  from  the  lowest  granite 
to  the  highest  trap,  surrounds  the  whole  globe.     The 
fresh  water  deposits  may  be  overlooked  in  favour  of 
this  theory,  as  they  have  been  discovered  since  it  was 
promulgated.       Every    rock    from    granite    upwards, 
ought  therefore  to   be  found  in  every  place;  unless 
that  branch  of  the  general  theory  is  abandoned,  which 
denies  an  extensive  waste  and  removal  of  the  super- 
ficial rocks.     Thus  this  hypothesis  is  at  variance  with 
facts,  at  the  very  outset;  since,  whatever  identical  or 
analogous  rocks  may  exist  extensively  in  many  parts  of 
the  world,  no  one  is  universally  continuous.  If  the  term 
universal  formations  means  only  that  the  same  rocks 
occur  in  many  different  places,  it  does  not  fulfil  what 
it  professes,  and  the  term  of  general  analogies  would 
better  express  its  real  meaning.     But  if  every  advan- 
tage be  given,  by  admitting  the  doctrine  of  the  waste 
and  removal  of  rocks  from  the  surface,  it  is  then  only 
necessary  that  the  same  rocks  should  once  have  sur- 
rounded the  entire  earth.     Hence,  wherever  any  series 
of  similar  strata  exists  in  two  places,  they  should  be 
found  in  the  same  order,    and  no    interior    stratum 
should  in  any  place  be  absent.     That  this  is  not  the 
fact,  will  be  fully  shown  in  the  subsequent  remarks 
on  the  successions  of  rocks;  and  thus  the  doctrine  in 
question  is  proved  to  be  in  every  way  unfounded.     In 
examining  the   assertion  that  the  levels  of  the  most 
recent  rocks  diminish  gradually  in   absolute  height, 
in  the  direct  order  of  their  posteriority  or  superposi- 
tion, it  is   sufficient  barely  to   mention  that  Granite, 
which  forms  the  summits  of  Mont  Blanc,  is  found  on 
the  sea  shores  of  England,  and  that  the  limestone   of 
the  same  shores  is  found  on  the  Jura.     In  the  same 
way  conchiferous  limestone  occurs  at  14,000  feet  above 
the  level  of  the  sea  in  Pern,  and  gneiss  occupies  the 
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lowest  tracts  of  Scotland  and  the  Baltic.  But  the 
history  of  the  successions  of  rocks,  as  they  actually 
exist,  require  some  further  detail. 

It  was  once  universally  believed  that  no  stratified 
rock  existed  below  granite ;  but  if  this  substance  is  to 
be  defined  by  its  mineral  composition,  that  opinion 
is  unfounded,  since  I  have  already  remarked  that  such 
a  compound  lies  above  conchiferous  limestone.  Never- 
theless, in  the  arrangement  of  rocks  which  I  have 
adopted,  founded  chiefly  on  geological  position,  the 
original  opinion  is  retained;  an  arrangement  that 
will  not  be  objectionable  to  those  who  maintain  the 
doctrine  of  fixed  successions  and  the  universal  in- 
feriority of  granite. 

Of  the  general  Successions  of  Rocks. 

It  is  unnecessary  to  commence  these  remarks  by 
detailing  the  imaginary  order  of  succession  formerly 
received.  Were  it  necessary  to  multiply  examples 
of  irregularity,  it  would  be  easy  to  refer  to  the  writings 
of  numerous  geologists.  They  who  are  inclined,  may 
consult  the  remarks  of  Ebel,  of  Breislak,  and  others.  I 
shall  here  limit  myself,  chiefly  for  the  convenience  of 
British  readers,  to  illustrations  drawn  from  our  own 
country,  and,  for  the  accuracy  of  which,  myself  and 
other  British  geologists  must  of  course  be  responsible. 

Granite  is  succeeded  by  gneiss  very  generally  in 
Aberdeenshire,  as  it  has  been  supposed  necessarily  to 
be  everywhere.  In  the  same  country,  it  is  followed 
by  micaceous  schist,  as  it  is  in  Arran,  in  Upper  Lorn, 
and  in  many  other  places.  It  is  perhaps  of  little 
moment  to  say  that  it  is  often  succeeded  by  horn- 
blende schist,  as  this  rock  is  noted  for  its  versatility 
of  place;  but  in  various  parts  of  Perthshire,  and  of 
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the  mountainous  districts  of  Aberdeenshire,  it  is  fol- 
lowed by  quartz  rock,  as  it  is  also  by  primary  lime- 
stone. The  immediate  contact  of  argillaceous  schist 
with  granite  in  Cornwall,  is  matter  of  general  noto- 
riety ;  and  the  same  sequence  is  found  in  Arran,  in 
the  Isle  of  Mann,  and  in  Aberdeenshire. 

It  may  also  be  remarked  that,  in  many  cases,  there 
is  merely  an  irregularity  in  the  order  of  succession, 
while,  in  others,  one  or  more  out  of  the  more  com- 
mon number  of  the  strata  are  absent.  In  the  last  in- 
stance, for  example,  no  other  primary  stratum  than 
the  argillaceous  schist,  intervenes  between  the  granite 
and  the  more  recent  ones. 

But  cases  also  occur,  in  which  all  the  primary 
strata  are  wanting. 

In  Aberdeenshire,  granite  is  found  to  be  immediately 
followed  by  the  lowest  sandstone  of  the  secondary  series;      s/^ 
and  the  same  succession  is  found,  on  a  very  extensive 
scale,  on  the  eastern  shore  of  Caithness  and  Suther- 
land.    It  is  still  more  remarkable,  that,  in  the  same 
neighbourhood,  there  reposes  immediately  on  granite,  v-^ 
a  series  containing  coal,   which  is  generally  separated 
from   it  by  a  long  succession  of  intervening  strata, 
both  primary  and  secondary;  being  that  of  the  oolithe 
and  Lias. 

The  foundation  of  a  theory  of  regular  succession 
could  not  well  be  more  defective;  but  it  will  be  proper 
to  examine  the  superstructure  a  little.  If  it  be  common 
to  find  gneiss  succeeded  by  micaceous  schist,  and 
that  by  argillaceous,  the  exceptions  are  so  numerous 
that  the  rule  is  of  no  value.  In  Perthshire,  gneiss  is 
not  only  succeeded  by  quartz  rock,  but  alternates 
with  it  in  endless  succession  ;  while,  in  other  places, 
as  in  Shetland,  it  is  also  found  forming  a  part  of  more 
than  one  extensive  series,  in  alternation  with  quartz 
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rock,  and  with  argillaceous,  micaceous,  hornblende, 
and  chlorite  schists;  to  omit  all  notice  of  serpentine 
and  diallage  rock.  It  is  regularly  succeeded  by  ar- 
gillaceous schist  in  the  islands  which  skirt  North 
Hist;  and  they  are  found  together  in  lona,  in  dif- 
ferent parts  of  Rossshire,  and  in  Sutherland.  But  to 
cut  short  an  enumeration  which  it  is  useless  to  pro- 
long, gneiss  is  immediately  followed  by  the  old  red  sand- 
stone through  a  very  extensive  tract  in  Invernessshire 
and  the  neighbouring  country;  and,  in  Morven,  by  a 
series  resembling  that  of  Sutherland,  consisting  chiefly 
of  Lias  and  its  lignites,  or  coal,  to  the  exclusion  of  all 
the  intermediate  substances.  Even  the  Trap  of  this 
last  district,  a  rock  confessedly  later  than  the  last 
secondary  stratum  that  exists,  reposes  here  on  the 
gneiss,  as  it  also  does  in  Mull. 

Some  of  these  examples  may  be  considered  merely 
as  proving  the  omissions  of  particular  strata;  but 
many  of  them  are,  in  fact,  irregularities  of  alternation. 
Lest  however  any  doubt  should  remain  respecting  the 
possibility  of  these  strata  being  actually  transposed, 
a  few  decided  examples  of  that  nature  may  be  quoted. 
Hornblende  schist  is  found  alternating  with  every 
rock  in  the  whole  series,  as  is  limestone.  The  same 
nearly  is  true  of  Argillaceous  schist  and  of  Diallage 
rock.  In  Jura  and  the  adjoining  islands,  quartz  rock, 
micaceous  schist,  and  argillaceous  schist,  occur  in  an 
endless  succession  of  alternations;  and  to  these  are 
added,  in  Isla,  Gneiss  and  Limestone.  On  the  opposite 
coast  of  Argyllshire,  the  alternations  of  chlorite  schist, 
micaceous  schist,  quartz  rock,  and  hornblende  schist, 
amount  to  many  thousands;  and  even  gneiss,  lime- 
stone, and  argillacous  schist,  are  sometimes  added  to 
these  four.  The  term  subordinate,  it  is  true,  has  been 
invented  to  get  rid  of  this  objection,  as  I  shall  pre- 
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scntly  notice  more  particularly;  but  it  is  incumbent  on 
the  inventors  to  explain  its  meaning,  and,  if  it  has 
one,  to  show  that  it  does  not  form  a  subterfuge. 

Whatever  analogies  may  subsist  between  some 
rocks  of  the  most  antient  and  others  of  the  most  recent 
date,  such  as  between  the  limestones  in  both  classes, 
there  can  be  no  alternation  between  these  two  great 
divisions,  by  the  very  nature  of  the  admission  which 
constitutes  this  distinction.  It  remains  to  see  the 
nature  and  accuracy  of  the  order  in  which  the  secon- 
dary strata  follow  each  other. 

There  are  but  three  distinct  and  principal  rocks  in 
the  secondary  series,  namely,  sandstone,  shale,  and 
limestone  ;  although  a  variety  of  circumstances,  arising 
from  minute  changes  of  character,  relative  position,  or 
imbedded  fossil  bodies,  give  rise,  in  them,  to  many 
different,  and  often  very  constant  varieties.  If  these 
were  to  be  considered  merely  according  to  their  fun- 
damental distinctions,  the  result  would  be,  that  they 
are  repeated  in  every  possible  kind  of  disorder,  and  in 
endless  alternations.  But  to  give  the  subject  every 
advantage,  as  well  as  those  to  which  it  is  really  en- 
titled, let  all  the  distinctions  that  have  been  made  be 
granted,  as  far  at  least  as  these  are  really  constant, 
and  as  far  as  they  are  not  merely  dependent  on  place ; 
in  which  latter  case,  it  is  plain  that  the  whoie  question 
would  be  resolved  into  a  petltlo  principil. 

Proceeding  on  this  principle,  we  find  that  a  parti- 
cular sandstone,  frequently  red,  is  the  lowest  stratum 
in  the  secondary  series.  I  have  already  shown,  how- 
ever, that  it  is  wanting  between  the  gneiss  and  the 
coal  series  of  Morven,  and  between  the  granite  and  t, 
that  of  Sutherland.  It  does  not  exist  in  certain  parts 
of  Sky,  and  it  is  also  absent  in  Mull,  in  Airdriamur- 
chan,  and  in  other  places  which  I  need  not  enumerate, 
VOL.  i.  T 
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in  the  same  country.  Similar  deficiencies  have  been 
observed  in  many  other  countries  ;  so  that  this  is  not 
an  indispensable  stratum. 

The  limestone  which  follows  it,  when  present,  called 
in  England,  the  mountain,  and  the  carboniferous  lime- 
stone, and  which  seems  to  have  been  generally  con- 
sidered as  a  transition  limestone  on  the  continent  of 
Europe,  is  also  occasionally  wanting  altogether.  In 
Scotland,  it  is  absent,  not  only  in  the  cases  just  enu- 
merated where  the  red  sandstone  is  also  deficient,  but 
even  sometimes  when  that  is  present  ;  so  that,  in 
many  parts  of  the  same  country,  the  coal  strata  repose 
immediately  on  this  oldest  secondary  rock.  If  it 
should  prove  true,  as  seems  probable,  that  the  upper 
parts  of  the  Arran  sandstone  belong  to  the  red  marl, 
then  both  these,  namely  the  lowest  and  highest  red 
sandstones,  are  in  contact,  and  nearly  confounded 
together,  in  most  places.  I  may  pass  over  the  coal 
strata ;  as,  from  their  acknowledged  partial  and  inde- 
pendent nature,  they  do  not  form  part  of  the  present 
inquiry.  It  may  only  be  remarked,  that  such  is  the 
irregularity  of  recurrence  among  the  beds  belonging 
to  this  series,  that  in  no  two  examples  is  that  similar. 

Beyond  this  we  arrive  at  the  magnesian  limestone 
of  the  English  series,  supposed  to  correspond  to  the 
first  flcetz  stratum,  to  the  alpine  limestone,  and  to 
the  zechstein  of  foreign  geologists,  and  followed  by 
the  later  red  sandstone,  or  red  marl,  agreeing  with 
their  variegated  sandstone.  A  new  order  of  arrange- 
ment here  begins  among  the  secondary  strata,  whence 
we  may  take  a  fresh  departure.  It  is  not  meant  to 
say,  that  the  red  marl,  much  less  the  associated  infe- 
rior limestone,  is  invariably  present,  even  in  Europe 
where  it  is  known  to  occur;  but  if  there  is  any  series 
truly  entitled  to  the  character  of  regularity,  as  well  as 
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of  universality,  using  that  term  in  the  general  sense 
formerly  stated,  it  is  this  one.  Still,  it  is  proper  to 
remark,  that  in  the  red  marl  series,  which  is  in  itself  a 
very  complicated  one,  there  is  a  very  irregular  recur- 
rence of  the  different  integrant  beds. 

Ascending  from  this  series,  we  find,  in  different 
countries,  various  successions  of  limestones,  clays, 
shales,  and  sandstones.  But  our  accurate  observations 
on  this  branch  of  geology  are  as  yet  limited  to 
Europe,  nor  can  we  pretend  to  say  that  they  include 
the  whole,  even  of  this  small  division  of  the  globe. 
Hence,  the  arrangements  which  have  been  laid  down 
for  the  succession  of  strata  from  the  red  marl  upwards, 
may  be  local,  to  this  extent ;  while  the  disagreements 
of  geologists  on  certain  points,  may  make  us  fairly 
doubt  whether  we  do  not  imagine  ourselves  possessed 
of  more  knowledge,  even  of  Europe,  than  we  have 
yet  acquired.  There  is  still  a  want  of  conciliation, 
for  example,  between  the  order  of  England  and  that 
of  those  portions  of  the  continent  which  have  been 
best  studied ;  but  these  are  differences  which  ought  to 
excite  no  surprise,  except  in  those  who  have  a  dor- 
mant affection  for  the  theory  of  universal  formations, 
or  who  are  determined  to  find  the  type  and  model  of 
every  thing  in  the  country  of  their  regards.  If,  as  has 
often  here  been  said,  these  strata  have  been  deposited 
in  seas  more  or  less  distinguished  in  forms  and  posi- 
tion, and  bounded  by  original  mountains  of  diverse 
character,  it  is  a  necessary  consequence  that,  with  a 
general  analogy,  such  differences  should  exist.  And 
if  all  the  seas  and  climates  of  such  tracts  have  not 
contained  precisely  the  same  living  animals  in  the 
same  order  of  succession,  it  is  equally  impossible  that 
the  fossil  remains  should  agree  through  all,  or  be 
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invariably  associated   with  particular  rocks  and  in  % 
particular  order. 

Limiting  ourselves  now  to  Europe  and  to  our 
present  knowledge,  there  appear  to  be  three  leading 
deposits,  in  this  upper  part  of  the  great  secondary 
series,  of  sufficiently  constant  character  and  place,  to 
which  all  the  others  can  be  referred.  These  are,  the 
red  marl,  last  named,  the  oolithe  limestone,  and  the 
chalk.  The  others  are  the  Magnesian  limestone,  the 
Muschelkalkstein,  the  C)uadersandstein,  the  Lias,  the 
Ferruginous  sand,  and  the  Green  sand ;  the  two  first 
of  which  are  not  thought  to  exist  in  England,  and  of 
which  the  ferruginous  sand  is  either  not  sufficiently 
distinguished  from  the  last,  or  else  is  conspicuous 
chiefly  in  our  own  country. 

',  But  the  details  of  these  deposits,  if  examined,  con- 
vey a  far  different  impression  from  the  terms  them- 
selves, which  are,  in  a  certain  sense,  conventional 
associations.  Under  almost  every  one  of  these  terms, 
which,  in  an  exact  and  mineral  sense,  are  classes 
rather  than  single  deposits,  we  find  the  same  sub- 
stances, sandstone,  limestone,  shale,  clay,  and  marl,  in 
perpetual  alternations,  and  in  such  perfect  disorder, 
that,  even  in  immediate,  connexion,  no  two  parts  of 
the  deposit  are  like  each  other.  Of  these  beds  also? 
if  some  are,  in  one  country,  considered  as  subsidiary 
or  subordinate,  in  others  they  have  received  greater 
notice ;  as  happens  with  ourselves  respecting  the 
Weald  clay.  Nevertheless  we  must,  for  the  present, 
take  these  divisions  as  we  find  them  arranged  ;  only 
cautioning  the  student  against  supposing  that  any  one 
of  these  terms,  Lias,  or  green  sand,  means  literally 
what  it  appears  to  do,  or  is  a  definite  substance,  or 
even  a  definite  association  of  strata. 
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On  the  continent  therefore,  the  red  marl  is  followed 
by  a  limestone  series  called  the  muschelkalkstein ; 
though  this  is  sometimes  wanting  even  there,  as  it 
appears  entirely  to  be  in  England.  To  this  succeeds, 
in  the  same  countries,  a  sandstone  series,  the  quader- 
sandstein,  sometimes  equally  deficient,  and  wanting 
also  in  England.  That  series  of  limestone  and  clay 
or  shale,  called  Lias,  is  the  next ;  and  this  seems  to 
be  very  widely  diffused  throughout  Europe  in  general, 
though  it  is  said  not  to  exist  to  the  south  of  the  Alps. 
I  must  also  here  add,  that  a  new  deposit  of  the  qua- 
dersandstein  is  said,  in  some  places,  to  be  interposed 
between  the  lias  and  the  next  class  in  order,  the 
Oolithe. 

This  most  extensive  group  of  strata  is  named  from 
the  character  of  some  of  the  limestones  which  it  con- 
tains; but  the  student  will  commit  a  great  error  who 
considers  it  as  an  oolithic  limestone,  or  even  as  a  mere 
calcareous  series.  It  is  an  immense  group  of  various 
strata,  of  a  wide  sweep ;  including,  in  many  places,  a 
great  number  of  limestone  beds  of  very  various  cha- 
racters, of  which  many  are  far  asunder,  and  separated 
by  conspicuous  deposits  of  other  substances.  That  it 
is  less  likely  to  be  absent  than  some  other  of  the 
deposits  here  named,  is  a  natural  consequence  of  an 
arrangement  so  inclusive. 

What  follows  next  in  order  above,  is  the  sandstone 
called  the  ferruginous  sand  in  England,  succeeded  by 
the  more  general  Green  sand,  which  is  also  a  complex 
class  of  substances,  though  the  prevailing  part  is 
arenaceous.  Lastly  comes  the  Chalk,  a  limestone  of 
a  peculiar  character,  considerably  definite,  though 
including  different  varieties  and  substances,  and  termi- 
nating what  are  considered  the  secondary  strata.  For 
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what  succeeds,   I   may  refer  to   the   Chapter   on   the 
Tertiary  Formations. 

Of  all  these  groups  I  must  now  remark,  that  although 
any  one  may  be  deficient,  there  is  no  instance,  as  it 
is  said,  of  the  order  being  inverted ;  but  it  must  be 
plain  that  where  an  arrangement  approaches  so  much 
to  an  artificial  order,  it  would  not  be  very  easy  to 
prove  an  inversion.  Assuming  therefore  certain  se- 
ries or  associations,  rather  than  individual  substances, 
the  order  of  recurrence  or  superposition  in  the  secon- 
dary strata,  is  much  more  constant  than  in  the  primary, 
or  it,  at  least,  appears  to  be  so.  But  it  must  be 
remembered  that  these  may  possess  certain  associa- 
tions, or  series,  analogous  to  those  of  the  secondary, 
which  we  have  not  yet  fully  discovered,  as  we  appear 
to  have  done  in  the  case  of  gneiss  and  hornblende 
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schist,  but  which  may  possibly  come  to  light  when 
this  division  of  rocks  has  been  more  minutely  studied 
and  compared  in  different  countries  than  it  has  yet 
been.  It  is  possible,  for  example,  that  the  intricate 
series  of  the  quartz  rock,  and  of  the  micaceous  and 
argillaceous  schists  of  the  Western  Islands,  may  be  a 
characteristic  and  definite  series,  like  that  of  the  Lias 
or  the  red  marl  in  the  secondary  strata,  and  that  it 
may  occur  in  a  similar  manner  in  other  parts  of 
Europe.  It  is  easy  to  see  the  drift  of  this  suppo- 
sition ;  so  that  I  need  only  add,  that  it  is  not  a  fair 
comparison  between  the  primary  and  the  secondary 
strata,  when  individual  beds  are  selected  for  compa- 
rison out  of  the  one,  and  whole  series  out  of  the 
other.  For  the  present,  it  seems  prudent  to  come  to 
no  decision  on  this  point,  but  to  wait  for  further 
information.  It  is  also  evident,  that  by  omitting  trap 
in  the  consideration  of  the  secondary  rocks,  and  ad- 
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mitting  granite  among  the  primary,  an  appearance  of 
greater  irregularity  is  given  to  the  former  than  to  the 
latter.  In  justice,  all  the  unstratified  rocks  should  be 
put  out  of  the  question  in  this  case. 

I  need  only  remark  further,  on  the  subject  of  the 
secondary  strata,  that  it  is  not  easy  to  see  how  such  a 
resemblance  Or  identity  can,  in  these  cases,  be  so 
proved,  as  to  warrant  any  inference  respecting  simi- 
larity or  order  of  succession  among  them  in  remoter 
countries,  or  in  distant  parts  of  the  world.  The  mi- 
neral characters  of  the  various  beds  of  limestone  are 
rarely  very  strongly  marked.  The  differences  among 
shales  and  sandstones  can  scarcely  be  perceived.  It 
will  be  hereafter  proved  (Chap,  xx.),  that,  in  distant 
countries,  the  identity  of  two  strata  cannot  be  inferred 
from  their  organic  fossils.  Nothing  then  remains 
but  the  juxtaposition,  in  analogous  order,  of  two  or 
more  strata ;  and  this,  it  is  easy  to  see,  is  proving 
the  fact  in  dispute  by  means  of  the  very  thing  to  be 
proved. 

It  was  just  remarked,  that  as  far  as  the  question  of 
order  or  disorder,  under  the  limitations  thus  made, 
is  concerned,  the  latter  appears  to  arise  from  omission 
rather  than  inversion.  In  the  case  of  individual 
strata  in  a  group,  whether  in  the  primary  or  the 
secondary,  or  in  the  coal  series,  as  well  as  in  gneiss 
and  quartz  rock,  an  inversion  is  as  common  as  an 
omission ;  and  to  what  degree  that  really  does  extend 
among  the  primary,  we  cannot,  for  the  reasons  just 
given,  as  yet  decide.  But  in  the  secondary,  it  is  not 
yet  known  for  example,  that  chalk  does,  and  it  is  not 
probable,  that  it  will,  occur  beneath  the  red  marl ; 
though,  from  the  deficiency  of  the  latter  and  of  all 
the  intermediate  strata,  it  might  be  in  contact  with 
the  coal  series,  or  even  with  granite.  Still,  however. 
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we  must  not  establish  this  as  a  canon  in  the  science  ; 
because,  a  priori,  there  appears  no  chemical  or  phy- 
sical reason  why  it  ought  to  be  so.  To  lay  down 
such  laws,  is  to  throw  obstructions  in  the  way  of  our 
own  progress,  to  fabricate  a  science  instead  of  de- 
ducing one.  To  do  less,  by  making  rules  which 
apply  only  to  the  cases  whence  they  are  derived,  is  to 
do  nothing  ;  it  is  to  client  ourselves  with  the  shadow 
of  a  science. 

It  is  not  indeed  very  easy  to  see  what  purpose  is  to 
be  attained  by  this  generalization,  if  the  doctrine  of 
universal  formations  is  abandoned.  It  is  the  basis 
and  support  of  that  doctrine,  if  not  the  very  thing 
itself.  Nor  is  it  probable  that,  on  general  principles, 
there  can  be  a  definite  order  of  succession  among  the 
greater  series  over  extensive  tracts  of  the  globe,  any 
more  than  among  the  smaller  beds  in  a  limited  spot. 

It  is  easy  enough  to  understand  how,  in  one  de- 
posit, a  constant  order,  at  least  as  far  as  relates  ta 
the  principal  strata,  should  have  been  preserved.  It 
is  equally  easy  to  admit,  that  confusion  may  have 
been  produced  among  the  less  important,  merely  by 
the  omission  of  a  few  out  of  a  great  number  of  alter- 
nating strata  of  different  kinds,  without  affecting  the 
general  integrity  and  order  of  the  deposit.  But  till 
further  reasons  are  produced  to  show  that  these  de- 
posits are  universal,  it  will  be  impossible  to  admit, 
that  wherever  rocks  occur  of  similar  characters  in 
distant  parts  of  the  world,  they  must  necessarily 
maintain  the  same  order.  Further,  till  they  are 
shown  to  be  of  much  greater  continuous  extent  than 
is  now  probable,  it  can  excite  no  surprise  if,  even  in 
Europe,  that  order  of  succession  should  differ.  The 
existence  of  tertiary  deposits,  proves  that  particular 
collections  of  strata  are  limited;  and  it  would  be  no 
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less  unreasonable  to  expect  an  absolute  correspondence 
between  those  of  Paris  and  the  Isle  of  Wight,  or 
among  the  whole  of  these  that  have  been  discovered, 
than  that  the  secondary  strata  should  adhere  to  a 
constant  order  all  over  the  world.  There  is  a  general 
analogy  throughout  nature  in  the  successions,  as 
there  is  in  the  characters  of  rocks  ;  but  the  particular 
instances  are  modified  by  laws  of  a  local  nature,  ope- 
rating in  a  limited  spot,  and  subject  to  uncertain 
modifications  in  many  of  these.  I  might  add,  that 
they  might  even  differ  in  the  same  deposit  or  cavity, 
on  a  principle  formerly  laid  down,  namely,  that  the 
present  submarine  deposits  of  the  English  channel, 
the  probable  types  of  past  strata,  if  not  the  germs  of 
future  ones,  are  not  everywhere  similar  and  corre- 
sponding in  order. 

It  remains  to  say  a  few  words  on  that  which  has 
been  sometimes  used  as  an  expedient  for  preserving 
the  integrity  of  this  theory.  It  applies  equally  to  the  ?# 
primary  and  secondary  strata;  and  the  examination-*/ 
of  it  has  therefore  been  reserved  to  the  last  place.  ^ 
The  term  subordinate,  already  noticed,  forms  the 
whole  of  this  contrivance  ;  but  it  is  necessary  here  to 
explain  its  application.  If  a  series  be  produced  in 
proof  of  irregularity,  consisting  of  gneiss,  argil- 
laceous schist,  and  quartz  rock,  and  if  it  is  a  part  of 
the  theory  that  gneiss  only  should  be  found  in  it,  the 
other  rocks  are  called  subordinate.  If,  in  any  place, 
two  or  more  beds  of  some  particular  sandstone  should 
alternate  with  limestone,  the  integrity,  place,  and 
order  of  the  sandstone  is  preserved  for  the  purpose  of 
the  hypothesis,  by  calling  the  latter  subordinate.  In 
all  these  cases  indeed,  it  is  usual  to  drop  altogether 
the  name  and  history  of  the  intruding  beds.  Fidelity 
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and  logic  are  here  alike  made  to  yield  to  an  imaginary 
convenience. 

If  this  view  of  the  abuse  of  a  term  should  be  judged 
too  strong,  there  is  no  geologist  of  any  reading  and 
experience,  who  will  not  confirm  the  fact  of  its  mis- 
application to  these  ends.  The  evil  consequences 
arising  from  it  are  considerable:  since  it  substitutes 
words  for  facts,  and  affords  the  student  a  ready 
mode  of  husbanding  his  industry  and  his  reasoning, 
by  stating,  not  that  which  is,  but  that  which  ought 
to  be.  It  is  not  meant  to  be  denied,  that  the  term 
subordinate  may  often  be  properly  used;  since  many 
rocks  do  occur  in  very  small  portions,  in  a  single  and 
important  series  of  some  other.  But  it  is  a  wide 
difference  to  make  a  legitimate  use  of  a  fact,  and  to 
pervert  it  to  mischievous  purposes. 

It  will  be  no  small  acquisition  to  the  student,  if 
these  remarks  shall  relieve  him  from  that  anxiety 
which  must  ever  follow  all  attempts  to  discover  what 
is  not,  but  which  he  believes  to  exist;  if  they  shall 
preserve  him  from  that  distrust  of  his  own  skill  or 
discernment,  which  often  ends  in  turning  a  modest 
mind  from  a  pursuit  in  which  it  finds  its  observations 
at  variance  with  those  which  it  is  taught  to  think 
established. 

Of  the  Succession  of  the  Strata  in  Britain. 

After  thus  giving  some  general  illustrations  of  the 
successions  or  orders  of  the  strata  in  confirmation  of 
the  views  here  held  out,  it  will  not  be  considered 
superfluous  to  add  some  examples  in  detail  from  the 
very  extensive  succession  of  strata  found  in  this 
country.  In  an  elementary  work  produced  in  Britain, 
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this  partiality  will  be  justified  to  the  reader;  while,,  as 
far  as  regards  the  secondary  strata  at  least,  no  ex- 
amples equally  extensive  have  been  brought  forward, 
in  which  the  order  of  arrangement  and  succession  has 
been  so  satisfactorily  ascertained. 

In  examining  this  order  of  succession  in  the  primary 
class,  it  is  necessary  to  commence  from  granite,  where- 
ever  that  is  present;  and,  when  it  is  not,  from  the 
lowest  visible  rock.  Whether  this  method  is,  in  all 
cases,  unexceptionable  or  not,  we  must  adopt  it,  for 
want  of  other  more  certain  criteria  of  the  proper 
points  of  departure.  The  following  examples,  out  of 
many  more  that  might  have  been  adduced,  will 
answer  all  the  purposes  at  present  in  view. 

Shetland  offers  some  of  the  best  examples  of  series 
of  strata  in  which  the  members  are,  at  the  same  time, 
numerous,  and  disposed  with  a  considerable  degree  of 
that  regularity  which  was  once  thought  universal  and 
necessary.  In  that  part  called  the  Mainland,  the  gra- 
nite is  followed  by  gneiss  and  hornblende  schist,  quartz 
rock,  chlorite  schist,  and  argillaceous  schist ;  beds  of 
limestone  occurring  more  than  once  in  the  series,  both 
with  the  gneiss  and  the  micaceous  schist.  The  lowest 
red  sandstone,  as  the  first  of  the  secondary  strata, 
succeeds  to  the  argillaceous  schist.  In  this  enume- 
ration, I  have,  however,  given  to  the  order,  the  ad- 
vantage derived  from  the  omission  of  the  minuter 
alternations ;  or  treated  the  principal  rocks  as  so  many 
distinct  series,  with  minor  quantities  of  others  in  sub- 
ordination. The  enumeration,  by  beds,  of  each,  in 
the  manner  followed  by  Ebel,  and  of  which  I  shall 
give  some  examples  hereafter,  would  have  presented  a 
very  different  aspect. 

In     the  same   islands,  taking  Yell,    Unst,   Fetlar, 
and  the  adjoining1   smaller  isles,  as  one  tract,  which 
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they  may  safely  be  considered,  from  the  intimacy  of 
their  association,  there  is  a  series  still  more  extensive ; 
and  treating  it  in  the  same  general  manner,  it  may 
stand  thus.  The  Granite  is  succeeded  by  gneiss, 
hornblende,  micaceous,  chlorite,  and  talcose  schists, 
Diallage  rock,  serpentine,  and  argillaceous  schist. 
There  is  no  limestone  in  this  series,  and  the  secondary 
strata  are  absent.  Were0this  scries  however  minute- 
ly detailed,  it  would  be  found  that  there  were  more 
than  one  alternation  of  every  rock  in  it,  and,  of  some 
of  them,  a  great  number.  It  may  be  useful  to  contrast 
one  of  these  modes  of  description  with  the  other; 
partly  for  information,  and  partly  to  show  how  ar- 
bitrary our  method  of  grouping  and  omitting  must  of- 
ten be,  and  how  little  we  are  entitled  to  determine 
what  the  real  order  of  the  series,  on  the  great  scale, 
is,  or  whether  there  is  such  an  order  at  all.  By  select- 
ing from  these  beds,  at  our  pleasure,  the  supposed 
principals  and  accessories,  almost  any  hypothetical 
order  might  be  made  to  appear  the  true  one.  Not  to 
make  the  enumeration  more  intricate  than  is  necessary 
for  this  illustration,  I  shall  select  only  two  of  the 
least  numerous  successions  from  different  parts  of  these 
islands.  Such  are 

Gneiss  and  Gneiss 

Micaceous  Schist  Diallage  Rock 

Chlorite  Schist  Chlorite  Schist 

Micaceous  Schist  Argillaceous  Schist 

Gneiss  Serpentine 

Argillaceous  Schist  Argillaceous  Schist 

Serpentine  Diallage  Rock 

Diallage  Rock  Serpentine 

Talcose  Schist  Talcose  Schist 

Chlorite  Schist  Micaceous  Schist. 

Micaceous  Schist 
Argillaceous  Schist 

Were  the  reader  to  add  both  these  lists  together, 
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and  even  to  multiply  some  of  the  alternations,  be 
would  probably  find  justifiable  cause  in  tbe  examina- 
tion of  the  ground  itself. 

It  is  extremely  rare  to  find,  in  Scotland,  any  series 
so  numerous  or  so  easily  reduced  to  the  supposed  or 
hypothetical  order.  The  following,  from  different 
parts  of  the  central  districts,  or  from  Perth,  Inverness, 
and  Aberdeenshires,  are  much  more  common.  Gra- 
nite here  is  followed  in  this  manner,  taking  first  the 
most  numerous  series,  and,  in  a  similar  way,  omitting 
the  minor  alternations. 

Gneiss  and             Limestone 

Limestone  Quartz  Rock 

Quartz  Rock  Hornblende  Schist 

Gneiss  Gneiss 

Micaceous  Schist  Micaceous  Schist 

Argillaceous  Schist,  Gneiss 

Argillaceous  Schist 

the  lowest  red  sandstone  of  the  secondary  class  suc- 
ceeding. 

Detailing  more  minutely  two  examples  from  the 
same  places,  they  afford  the  following  order,  and  in 
such  a  manner  that  it  seems  impossible  to  associate  the 
different  strata  in  groups  or  subordinations,  at  least 
in  many  cases. 

Gneiss  Limestone 

Limestone  Gneiss 

Hornblende  Schist  Hornblende  Schist 

Quartz  Rock  Micaceous  Schist 

Limestone  Gneiss 


~     ,      more  than  once 
Gneiss  Quartz  Rock 

Limestone  Limestone 

Micaceous  Schist  Micaceous  Schist 

Chlorite  Schist  Gneiss 


Hornblende  Schist  ™'ace<™  S^St  I  more  than  once 

Limestone  Chlorite  Schist     S 

Micaceous  Schist  Argillaceous  Schist 
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Gneiss  Limestone 

Micaceous  Schist  Chlorite  Schist 

Argillaceous  Schist  Argillaceous  Schist. 

Chlorite  Schist 
Argillaceous  Schist 

It  being  unnecessary  to  quote  more  of  these,  1 
shall  give  some  local  examples  of  an  order  which  may 
be  called  inverted;  supposing  the  direct  one  to  be 
the  succession  of  gneiss,  micaceous  schist,  quartz 
rock,  limestone,  and  argillaceous  schist,  as  formerly  pre- 
sumed, and  omitting  the  other  members  of  this  class. 

Granite  is  succeeded,  first  by  argillaceous  schist  and 
then  by  gneiss,  in  lona  and  in  Bamffshire;  and,  in 
Rossshire  and  Sutherland,  after  the  gneiss,  there  fol- 
lows another  argillaceous  schist.  In  Sutherland,  in 
another  place,  after  granite,  there  come  in  order, 
gneiss,  quartz  rock,  bituminous  limestone,  quartz  rock, 
and  gneiss.  Numerous  other  instances  of  the  same  na- 
ture might  be  adduced,  but  it  would  be  superfluous. 

A  few  examples  of  short  series,  will  tend,  even 
more  than  the  former  irregular  ones,  to  show  the 
want  of  a  fixed  order  among  the  primary  strata;  and 
that  they  were  alluded  to  in  the  first  part  of  this  chap- 
ter, needs  not  prevent  a  tabular  view  of  them  here,  as 
it  will  render  these  illustrations  more  useful.  Their 
leading  character  consists  in  the  omission  of  most  of 
the  primary  strata,  and,  in  some  instances,  of  some  of 
the  secondary  ones  also;  so  that  they  might  equally 
have  been  enumerated  in  the  next  division  of  this  sub- 
ject, where  it  will  indeed  be  necessary  to  refer  to 
them.  Most  of  the  primary  strata  are  wanting  in  the 
examples  which  immediately  follow. 
Granite  Granite  Granite 

Gneiss  Micaceous  Schist  Argillaceous  Schist 

Secondary  Strata  Secondary  Strata  Secondary  Strata 

In  Caithness  and  Su-    In  Arran.  In   Arran,  Cornwall, 

therland.  Abcrdeenshirt  &c. 
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In  the  following,  all  the  primary  strata  are  wanting, 
so  that  the  granite  comes  into  contact  with  the  secon- 
dary. 

Granite  Granite 

Old  red  Sandstone  Coal  series,  or  Oolitlie  and  Lias    g/x  /;/ 

In  Aberdeenshire  and  Caithness          with  Lignites 

In  Sutherland,  and  the  Western 
Islands  &c. 

I  shall  terminate  these  illustrations  by  naming  some 
examples  where  the  following  strata  occur  in  a  suc- 
cession of  alternations  so  extremely  numerous,  that 
it  is  fruitless  to  draw  out  a  list  of  them,  as  I  should 
scarcely  know  where  to  cease. 

In  the  quartzose  isles  of  the  West  of  Scotland,  or 
the  chain  of  Jura  andlsla,  these  alternating  substances 
are. 

Micaceous  Schist 

Fine  Argillaceous  Schist,  or  clay  Slate 
Micaceous  ditto,  or  fine  Graywacke 
Arenaceous  ditto,  or  coarse  Graywacke 
Conglomerate  ditto,  or  coarsest  Graywacke 
Quartz  Rock. 

In  the  series  which  terminates  the  Highland  moun- 
tains towards  the  low  country,  and  in  a  similar  series 
in  Argyllshire  within  the  micaceous  schist,  the  fol- 
lowing beds  alternate  in  a  similarly  repeated  manner. 

Fine  Argillaceous  Schist,  or  Clay  Slate 

Coarse  ditto,  or  Graywacke 

Chlorite  Schist 

Micaceous  Schist 

Gneiss 

Limestone 

In  another    series    in   Argyllshire,    the   alternating 
substances  are. 

Hornblende  Schist 
Acti'nolite  Schist 
Quartz  Rock 


" 
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Micaceous  Schist 
Chlorite  Schist 
Limestone 
Argillaceous  Schist 
Gneiss, 

In   this   particular   case,    the   alternations    amount 
to  some  thousands. 

To  proceed  now  to  the  secondary  strata,  it  will'be 
best  to  give  the  order  of  succession  in  England,  and 
in  an  entire  state,  as  it  is  conceived  to  be  determined 
by  the  numerous  geologists  who  have  bestowed  great 
labour  and  care  on  this  department.  The  groupings 
of  the  beds,  or  the  divisions  into  scries,  must  stand 
on  the  authority  or  opinions  of  observers  whose  ability 
and  industry  are  admitted,  and  who  are  too  well 
known  to  need  mention  here. 

On  the  Succession  of  Strata  in   England  and 
Scotland. 

The  lowest  bed  of  the  secondary  strata  of  England, 
is  the  old  red  sandstone,  being  the  first  of  the  secon- 
dary rocks  in  the  artificial  classification.  It  must  not 
however  be  considered  as  a  simple  rock  ;  since,  be- 
sides the  conglomerate  which  is  essential  to  it,  it 
sometimes  contains  shales  and  limestone,  and,  occa- 
sionally, coal. 

The  next  bed  in  the  order  upwards,  is  a  limestone 
containing  a  few  fossil  remains,  and  known  by  the 
name  of  mountain  and  of  carboniferous  limestones. 
In  this  rock  also,  there  are  found  smaller  beds  of 
shale,  and,  occasionally,  of  sandstone  ;  much  more 
rarely,  of  coal.  A  sandstone  called  the  Millstone 
grit  follows  in  some  places  ;  but  it  seems  to  be  one  of 
the  most  limited  of  these  leading  strata,  while  it  does 
not  appear  very  satisfactorily  proved  that  it  does  not 
form  a  part  of  the  coal  series. 


SUCCESSION    AMONG    ROCKS.  289 

This  complicated  series,  the  next  in  order  when 
present,  is  often  of  an  enormous  depth,  consisting  of 
sandstone,  shale,  clay,  and  limestone,  with  inter- 
mediate beds  of  coal  and  with  vegetable  remains. 
This  collection  of  strata  appears  less  consistent  as 
well  as  less  constant  than  most  of  the  principal  series ; 
being  distributed  in  distinct  situations  which,  from 
the  discrepancy  in  the  recurrence  of  the  several  beds, 
appear  to  have  been  in  a  great  measure  independent 
of  each  other. 

Thus  far,  the  general  dips  or  positions  of  the  beds 
are  marked  by  the  same  kinds  of  irregularity  which 
attend  the  primary  strata.  They  are  commonly  much 
inclined,  and  sometimes  reversed  and  dislocated ; 
although,  taking  a  considerable  tract,  there  may  be 
a  prevailing  dip  as  well  as  a  prevailing  direction.  The 
coal  series  is  particularly  noted  for  its  irregularities 
of  this  nature.  Beyond  this  point,  however,  a  new 
arrangement  appears  to  commence  ;  and  the  strata 
which  follow,  maintain  a  parallel  order  to  each  other, 
with  certain  local  exceptions  that  will  be  noticed  in 
their  proper  places;  while  they  are,  at  the  same  time, 
much  more  regular,  and  less  subject  to  high  angular 
positions.  This  new  order  is  analogous  to  that 
which  occurs  between  the  primary  and  the  secondary 
classes,  while  it  is  generally  more,  strongly  marked. 

Where  the  series  is  most  complete,  the  coal  strata 
are  followed  by  the  rnagnesian  limestone,  as  it  is 
called,  or  by  a  conglomerate  formed  of  fragments  of 
the  lower  calcareous  rock  and  others,  cemented  by 
that  substance.  To  this  succeeds  the  very  important 
stratum  to  which,  in  England,  is  given  the  name  of 
new  red  sandstone  or  red  marl. 

The  red  marl  is  not  however  a  simple  substance  ; 
but  is  in  itself  a  complicated  series,  consisting  of 

VOL.    I.  IT 
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conglomerate  rocks,  fine  red  sandstone,  shales,  clays, 
and  marls,  and  especially  remarkable  for  including 
gypsum  and  rock  salt. 

The  magnesian  limestone  and  the  red  marl  are 
associated  by  some  English  Geologists,  under  the 
name  of  a  formation  ;  and  in  a  similar  way,  all  the 
strata,  of  whatever  nature,  consisting  of  various  lime- 
stones, sandstones,  shales,  and  clays,  which  lie  be- 
tween the  last  described  bed  and  the  ferruginous  sand, 
are  united  in  a  similar  group,  by  the  name  of  the 
oolithe  formation.  I  must  refer  to  the  authors  them- 
selves, and  particularly  to  Conybeare,  for  all  points 
of  a  local  and  minute  nature  ;  and  shall  here  merely 
give  the  principal  beds  as  they  are  enumerated,  where 
the  series  is  most  complete. 

I  ought  still  however  to  remark,  that  not  only  is 
this  principal  formation  divided  into  three,  viz.,  a 
lower,  a  middle,  and  an  upper  one,  but  that  there 
are  even  inferior  subdivisions,  since  the  lias,  for 
example,  is  itself  a  series  and  not  a  single  rock. 

The  first  which  thus  follows  is,  in  England,  known 
by  the  name  of  Lias,  and  it  consists  of  limestone  of 
various  characters,  in  numerous  beds,  alternating 
with  clays  and  shales.  It  contains  a  great  variety  of 
organic  remains,  chiefly  marine,  with  some  very  re- 
markable amphibious  animals,  of  extinct  genera  and 
species. 

It  is  here  but  justice  to  the  general  reader  to  state, 
that  all  those  geologists  who  have  investigated  the 
English  strata,  have  not  agreed  in  their  manner  of 
grouping  the  inferior  beds.  At  this  particular  point, 
for  example,  certain  marls,  clays,  and  sands,  have, 
by  some,  been  thrown  into  a  group  distinct  from  the 
beds,  and  inferior  to  the  next  rock,  or  the  oolithe  ; 
while,  by  others,  the  clays  are  enumerated  as  be- 
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longing  to  the  lias.  On  the  respective  values  of  opi- 
nions of  this  nature,  it  would  be  needless  to  attempt 
a  decision,  were  it  possible. 

The  remaining  strata  then,  proceeding  upwards,  in 
the  lower  division  of  what  is  called  the  oolithe  for- 
mation, are  a  sand  of  various  characters,  a  coarse, 
somewhat  oolithic  limestone,  a  stratum  of  clay  some- 
times including  fullers'  earth,  and  a  limestone  called 
the  Gray  oolithe.  The  middle  division  contains,  in 
the  same  order,  a  calcareous  and  a  siliceous  slaty 
rock  intermixed  with  sand,  shale,  and  some  coal, 
three  limestones,  supposed  distinct,  and  called  forest 
marble,  cornbrash  limestone,  and  Kelloway  rock, 
and  a  clay  called  Oxford  clay,  or  fen  clay.  In  the 
last,  or  uppermost,  division,  are  comprised  a  cal- 
careous sandstone,  a  limestone  called  Coral  rag, 
another  limestone,  called  the  upper  oolithe,  a  clay 
called  Kimmeridge  clay,  a  third  limestone  called 
Portland  stone,  and,  lastly,  the  Purbeck  inferior 
group  ;  consisting  of  limestone,  shale,  and  marl. 

It  is  by  no  means  clear  that  the  arrangement  of 
these  is  so  regular  and  constant,  and  the  different 
beds  of  so  much  importance,  as  to  require  the  decisive 
names  which  have  thus  been  conferred  on  them. 
There  also  appears  much  that  is  purely  arbitrary  in 
those  arrangements  into  the  minor  series  whence  these 
characteristic  terms  are  derived ;  since,  in  one  of 
these  artificial  groups,  the  same  substances  exist  as 
are  found  in  another  part  of  the  principal  deposit, 
forming  or  entering  into  another  series.  Some  of 
these  deposits,  indeed,  seem  to  be  as  irregular  in 
their  disposition  as  the  strata  of  the  coal  series,  which, 
in  their  general  characters  they  so  much  resemble ; 
nor  does  it  seem  as  yet  possible  to  reduce  them  into 
a  system  in  which  all  observers  shall  agree;  while 
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the  attempt  to  refer  particular  beds  in  distant  places, 
to  some  favourite  deposit  found  elsewhere,  is  a  no 
less  frequent  source  of  difficulty  than  of  fallacious 
generalization. 

The  next  series  of  the  English  Geologists  is  called 
the  green  sand  formation,  comprising  three  inferior 
groups.  The  first  of  these  is  known  by  the  name  of 
the  ferruginous  sand  ;  very  constant  in  its  character  and 
position,  and  forming  a  remarkable  member  of  the 
whole  series  of  the  English  secondary  strata.  It  con- 
tains masses  of  sandstone  and  beds  of  ochre,  clay, 
and  of  fullers'  earth.  Above  this  is  a  complicated 
bed  of  clays,  called  the  Tetsworth  clay,  and  that 
again  is  followed  by  another  arenaceous  deposit* 
called  the  green  sand,  including  some  of  the  most 
recent  sandstones,  together  with  limestone. 

The  next  and  highly  important  series  is  the  Chalk, 
divided  into  three  beds ;  the  lowest  known  by  the 
name  of  chalk  marl,  the  next  being  pure,  and  the 
third  containing  flints.  Some  Geologists  however 
arrange  the  chalk  marl  in  the  last  group,  and  sub- 
divide the  chalk  beds  more  minutely.  This  member 
is  sufficiently  remarkable,  both  in  its  mineral  cha- 
racters and  the  nature  of  its  contents,  to  be  recog- 
nized and  compared  with  other  similar  deposits  in 
distant  places ;  and  it  accordingly  offers  one  of  the 
most  striking  proofs  of  the  very  considerable  extent 
occupied  by  some  of  the  secondary  strata,  though  it 
must  nevertheless,  like  the  greater  part  of  these,  be 
considered  a  partial  deposit,  when  compared  to  the 
remainder  of  the  Earth's  surface.  It  is  remarkable 
that  this  stratum  has,  in  some  places,  undergone 
violent  dislocation  and  changes  of  position  ;  many  of 
the  beds  on  the  southern  coast  of  England  being  even 
in  a  vertical  position,  while  the  fractured  state  of 
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their  contents  shows  also,  that  these  changes  have 
been  posterior  to  the  time  of  their  consolidation. 
This  case  offers  an  excellent  example  of  partial  revo- 
lutions ;  and  serves  to  prove  how  imperfect  a  criterion 
for  distinguishing  the  artificial  classification  of  primary 
and  secondary  strata,  is  derived  from  such  circum- 
stances alone. 

The  Chalk,  which  is  the  last  of  the  strata  esteemed 
secondary?  is  followed  by  various  substances  which 
have  been  grouped  in  different  manners  by  different 
Geologists,  but  of  which  the  localities  are  partial  and 
limited.  The  plastic  clay  occurs  first,  and  consists, 
not  only  of  various  clays,  but  of  sand  and  gravel  of 
various  qualities.  The  London  clay,  which  succeeds, 
comprises  also  calcareous  sandstone ;  besides  which 
it  contains  many  organic  remains,  terrestrial  and 
marine.  The  strata  which  succeed,  consist  chiefly 
of  marls  and  clays  ;  but  as  the  details  of  objects  so 
local  are  too  minute  for  the  present  purpose,  I  may 
refer  to  Mr.  Webster's  accurate  account ;  particularly 
as  the  importance  of  the  tertiary  or  partial  deposits, 
is  such  as  to  demand  a  separate  consideration. 

It  must  now  be  observed  that  the  series  of  secon- 
dary strata  in  England,  thus  given  in  a  complete 
form,  as  it  is  thought,  by  those  who  have  investigated 
this  subject  most  minutely,  is  far  from  exhibiting  this 
succession  in  any  one  place.  It  is  not  merely  that 
the  whole  series  terminates  at  some  point  beneath  the 
uppermost  or  London  clay,  as  for  example,  at  the 
coal  series,  or  the  red  marl,  or  the  lias,  but  nu- 
merous members  are  in  many  places  wanting.  This 
succession  must  therefore  be  considered  as,  in  some 
sense,  an  artificial  one ;  constructed  according  to 
some  presumed  principles  in  the  science,  and  a  picture 
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of  what  Nature  might  have  given,  rather  than  of  what 
she  has  actually  produced.  As  it  would  be  impossible 
in  a  work  of  this  nature  to  enter  into  the  details  of 
this  part  of  the  subject,  I  must  needs  refer  to  the 
valuable  work  of  Messrs.  Conybeare  and  Phillips, 
where  all  the  information  that  is  required  will  be 
found. 

But  as  that  work  does  jiot  contain  any  view  of  the 
Scottish  strata,  I  may  here  give  a  sketch  of  some 
examples  of  successions  among  the  secondary  ones  in 
that  country  ;  particularly  as  it  exhibits  some  defi- 
ciencies, which,  besides  being  remarkable  in  them- 
selves, are  rendered  more  interesting  by  the  intimate 
geographical  connexion  of  these  two  parts  of  one 
island.  The  reader  will  not,  of  course,  expect  here 
an  account  of  the  geology  of  Scotland,  nor  any  de- 
tails, either  very  minute  or  numerous.  I  may  even 
add  that  no  greater  accuracy  of  description  is  adopted, 
than  was  necessary  for  illustrating  the  particular  sub- 
ject under  consideration. 

In  that  country,  the  deposits  of  secondary  strata 
may  conveniently,  if  not  very  geographically  or  cor- 
rectly, be  divided  into  four.  Of  these,  the  northern 
includes  Caithness  with  parts  of  Inverness  and  Moray, 
while  the  middle  forms  a  very  extensive  tract  to  the 
south  of  the  Highland  primary  district.  The  Western 
is  much  disjointed  and  scattered  on  the  Western 
Highland  shore  and  among  the  islands  ;  and  the 
southern  is  more  or  less  intimately  connected  with  the 
corresponding  strata  in  England. 

The  first  of  these  is  nearly  limited  to  one  bed, 
namely,  the  lowest  sandstone;  but  one  conspicuous 
tract  of  mountain  limestone  occurs,  together  with 
smaller  fragments,  and,  in  one  place,  it  is  immediately 
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followed  by  a  series  of  coal  strata  or  lignites,  already 
noticed,  as  found  in  Sutherland,  and  which  also  im- 
mediately rests  on  the  granite. 

A  great  part  of  the  middle  district,  also,  consists 
solely  of  the  lowest  sandstone ;  and  the  remainder 
presents  a  series  of  coal  strata  succeding  to  that.  As, 
in  some  places,  a  limestone  is  interposed  between 
these  strata  and  the  lowest  sandstone,  analogous  to 
the  lowest  or  mountain  limestone  of  the  English,  it 
may  be  fairly  considered  that  there  is  a  perfect 
analogy  between  this  deposit  and  that  of  England  as 
far  as  it  extends.  But  that  extent  is  limited ;  since, 
in  many  places,  this  limestone  is  wanting.  Hitherto, 
with  some  rare  exceptions,  the  coal  strata  have  been 
found  to  reach  the  surface  everywhere  in  this  tract ; 
neither  the  magnesian  limestone,  which  follows  in 
England,  nor  the  red  marl  stratum,  forming  a  part 
of  the  series.  Nor  are  any  of  the  strata  that  lie 
above  those  found  in  it,  whatever  slender  indications 
there  may  be  ;  so  that  the  chief  Scottish  secondary 
series,  even  where  most  complete,  terminates  with  the 
coal  deposit. 

The  Western  secondary  deposit  is  rendered  very 
obscure  by  its  scattered  and  disturbed  position,  and 
by  the  very  limited  quantity  of  it  which  exists.  In 
some  places,  as  at  Campbelltown,  it  exhibits  the 
lowest  sandstone,  while  in  others,  as  in  Morven, 
that  is  wanting ;  the  lias,  with  the  coal,  or  lignite* 
reposing  immediately  on  gneiss.  In  some  also,  there 
is  an  inferior  limestone ;  but,  however  connected  with 
the  lias,  it  appears,  in  its  relation  and  in  its  cha- 
racters and  fossils,  to  correspond  to  the  mountain 
limestone  of  England.  The  actual  coal  series  where 
it  exists,  is  very  limited,  and  must  be  considered  to 
belong  to  the  first  coal  which  follows  the  great  coal 


296       ON  THE  PARTICULAR  ORDER  OF 

deposit,  or  to  the  lowest  of  the  lignite  deposits  ;  in 
which  case  it  will  correspond  to  that  of  Whitby. 
This  deposit  is  neither  accompanied  nor  followed  by 
any  other  strata  exactly  analogous  to  the  English ; 
with  the  exception,  in  some  parts,  of  a  sandstone 
which  must  be  classed  with  the  green  sand  of  the 
southern  division  of  our  island. 

It  is  easy  enough  unquestionably,  with  the  pos- 
session of  limestone,  sandstone,  clay,  and  shale,  since 
there  are  virtually  no  other  strata,  to  make  or  assign 
any  order  which  a  geologist  who  is  anxious  only  for 
his  theory  may  wish.  If  any  member  of  the  great 
secondary  series  may  be  wanting,  as  is  the  fact,  and 
if,  out  of  these  four  rocks,  the  characters  and  aspect 
of  any  one,  or  of  the  whole,  are  so  indefinite  and 
vacillating  as  we  know  them  to  be,  while  the  nature 
of  the  organic  remains  are  further  incapable,  sepa- 
rately, of  proving  either  an  identity  or  a  dissimilarity, 
as  is  also  true,  it  is  evident  that  any  assertion  may  be 
made  on  such  a  subject,  without  an  effectual  risk  of 
contradiction.  On  such  an  hypothetical  system,  it  is 
perfectly  easy  to  reduce  the  Scottish  series,  or  any 
other,  to  an  absolute  conformity  with  the  English. 
They  may  be  the  same  ;  but  it  is  better  to  be  cautious 
in  deciding,  lest  we  substitute  an  artificial  fabric  for 
real  knowledge.  Those  who  blamed  the  school  of 
Freyberg  for  reducing  the  whole  world  to  the  model 
of  Saxony,  should  be  cautious  lest,  in  another  de- 
partment of  their  pursuit,  they  fall  into  the  same 
error. 

The  southern  deposit  differs  in  no  respect  from 
that  of  the  central  district.  The  red  sandstone  is 
followed,  partially,  by  the  mountain  limestone,  as  it 
is  termed ;  and  the  whole  terminates  with  the  strata 
that  belong  to  the  coal  series,  which  must  be  con- 
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sidered  as  a  mere  continuation  of  the  English  one  in 
the  conterminous  district. 

It  is  nearly  useless  to  inquire  whether  the  superior 
strata  of  England  have  never  been  deposited  above 
the  coal  series  of  Scotland  which  most  resemble  those 
of  the  former  country,  or  whether  they  have  once 
existed  and  been  worn  away.  This  is  not,  at  any 
rate,  the  place  for  such  an  inquiry.  If  it  is  true  of 
the  middle  deposit,  as,  to  a  certain  extent,  is  not 
improbable,  it  may  equally  be  so  with  regard  to  the 
northern  and  western  ;  though,  in  this  last  case,  the 
proper  coal  series  is  wanting,  and  not  only  this,  but 
very  often,  the  rocks  beneath  it ;  while  the  causes  of 
waste,  supposing  this  to  have  been  the  fact,  have  ope- 
rated to  a  different  effect  in  the  two  cases. 
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CHAP.  XV. 

On  the  elevated  submarine  Alluvia. 

THE  subject  of  the  present  chapter  is  so  intimately 
connected  with  that  of  the  following  one,  that  had  it 
not  been  for  the  novelty  j>f  these  views,  and  the  un- 
willingness of  geologists  to  receive  an  arrangement  of 
what  they  have  so  long  misunderstood,  I  should  have 
united  it  to  that  one,  and  thus  given  a  general  theory 
of  all  the  deposits  of  this  nature  which  are  later  than 
the  chalk,  and  which  have  been  so  confounded  under 
the  term  tertiary.  But  I  have  another  reason  for  thus 
preserving  it  distinct.  It  was  thus  printed  long  ago 
in  the  Quarterly  Journal;  having  been  separated 
from  the  latter  on  account  of  the  length  of  the 
whole ;  thus  enabling  others  to  profit  by  those  views, 
in  claiming  as  a  recent  discovery,  what  was  also  written 
many  years  before  it  was  printed,  including  the  theory 
of  the  most  difficult  of  the  tertiary  strata,  as  well  as 
of  the  latest  revolutions  of  the  earth. 

As  it  now  stands,  it  therefore  proposes  to  distin- 
guish this  particular  case  of  strata,  or  deposits,  from 
those  which  are  found  in  basins,  be  they  marine  or 
lacustral,  or  both  united ;  as  it  furnishes  the  special 
evidence  for  the  following  views  of  the  most  difficult 
of  these :  showing,  namely,  that  some  of  the  basin- 
shaped  deposits  have  been  elevated  to  their  present 
positions  by  analogous  causes.  And,  as  portions  of 
the  bottom  of  the  present  ocean,  they  require  to  be 
separated,  if  we  are  really  desirous  that  Geology  shall 
not  continue  to  be  a  disgraceful  chaos.  It  is  by  con- 
sidering causes,  not  facts  alone,  that  this  science  has 
already  become  what  it  is,  in  distinguishing  the 
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primary  from  the  secondary  strata,  the  stratified  from 
the  unstratified  rocks,  the  great  coal  deposit  from  the 
Lignites,  and  far  more. 

Hitherto,  these  deposits  have, as  yet,  been  certainly 
found  only  in  Italy,  but  they  are  probably  not  limited 
to  that  country,  if  the  present  theory  be  correct.     For 
the  bare  facts  themselves,  we  are  indebted  to  Brocchi; 
but   as    he    has   singularly  failed   in  his    attempt   to 
explain  them,  I  have  endeavoured  to  supply  that  defi- 
ciency ;  without,  however,  presuming  to  suggest  any 
alterations  in  his  views  of  the  facts  themselves.  Where, 
in  some   cases,  those  seem   deficient,  I   have  merely 
proposed  amendments  on  his  own   principles.     It  is 
an  extreme  abuse,  on  the  part  of  systematic  writers, 
to  determine  what  an  observer  ought  to  have  seen  ; 
as  this   practice   may  be    made    subservient   to   any 
hypothesis,  and  as  it  renders  all   observation  useless  : 
but  there  is  no  rule  of  philosophy  against  the  attempt 
to  reconcile   the   observations    of  others   to  general 
principles,  where  the  observers  themselves  may  have 
failed.      The  Italian   alluvia  in  question  have   been 
hitherto  classed  with  the  tertiary  or  fresh  water  de- 
posits, without  any  attempt  at  distinction,  or  at   an 
explanation  of  their  origin  :  while  these  Subapennine 
formations,  as   they  were  called,  have  been   held  to 
contain  great  mysteries,    which  were   hopeless,    but 
likely  to  furnish  the  clue  to  the  later  revolutions  of 
the  Earth.     That  mystery  is,  I  trust,  here  solved,  by 
a  very  simple  review  and  arrangement  of  plain  facts. 

The  task  of  Signor  Brocchi  would  not  have  been 
left  to  another,  had  he  paid  more  respect  to  the  theory 
of  his  countryman  Lazzaro  Moro,  to  whom  this 
science  owes  a  debt  which  his  successors  have  been 
most  unaccountably  unwilling  to  acknowledge.  That 
a  late  illustrator  of  this  theory  under  a  much  more 
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modern  name,  with  the  advantage  of  a  personal  exa- 
mination, did  not  form  the  same  conclusion,  valuable 
as  it  must  have  been  to  the  System  which  he  defended, 
might  be  used  by  his  admirers  as  an  argument  against 
the  view  here  given ;  but  the  conclusions  of  one 
philosopher  form  no  rule  for  those  of  another;  and 
personal  examination  has  not  always  discovered  Truth. 

For  the  entire  geography  of  these  appearances  I 
must  refer  to  Brocchi's  own  writings  :  it  is  sufficient 
here  to  say,  that  this  deposit  occupies  many  low  situa- 
tions, and  also  forms  or  covers  a  range  of  hills  at  the 
foot  of  the  Apennine ;  occurring  in  various  places,  as 
in  Piedmont,  near  Placentia  and  Parma,  and  along  the 
north  side  of  this  ridge  to  Otranto  ;  while,  on  the 
south,  it  is  found  at  Orvieto,  Rome,  Terracina,  and 
elsewhere,  thus  skirting  the  ridge  on  this  side  also. 
In  the  same  manner,  it  is  found  at  Vicenza  and 
Verona,  or  at  the  foot  of  the  Alps  as  well  as  the 
Apennines ;  so  that  the  term  Subapennine  is  not  very 
well  chosen.  By  putting  together  Signer  Brocchi's 
facts,  as  he  has  himself  forgotten  to  do,  it  is  indeed 
easy  to  see  that  nearly  the  whole  promontory  of  Italy 
is  more  or  less  covered  by  this  interesting  deposit,  that 
it  does  not  necessarily  form  hills,  and  that  it  is  de- 
ficient, only  where  its  deficiencies  may  be  accounted 
for,  either  by  the  waste  and  absence  of  the  superficial 
parts  on  the  higher  ridges  of  the  fundamental  moun- 
tains, or  by  volcanic  eruptions  and  earthquakes,  or 
lastly,  by  the  action  of  rivers,  which  have  washed  it 
away,  or  have  covered  it  with  other  alluvia  of  the 
usual  recent  terrestrial  origin. 

The  general  deposit,  given  by  Brocchi  under  a 
common  term,  consists  of  two  beds,  and  it  is  essential 
to  distinguish  these  where  they  are  regular ;  because, 
being  confused  in  some  places,  they  have  sometimes 
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been  described  in  a  careless  manner,  as  if  this  was  a 
part  of  their  natural  character.  Thus  they  have  been 
said  to  consist  of  marl,  sand,  and  gravel,  together 
with  sandstone  and  occasional  breccias,  containing 
various  marine  and  terrestrial  remains.  In  a  general 
sense,  the  beds  may  be  considered  horizontal;  or  rather, 
as  placed  at  low  angles  ;  being,  therefore,  unconform- 
able,  under  the  usual  variations,  to  the  inclined  calca- 
reous strata  of  the  Apennine  on  which  they  lie. 

The  marl  bed,  which  is  the  lowest,  is,  in  some 
places,  of  an  argillaceous  nature,  in  others,  argillo- 
calcareous ;  often  also  containing  mica.  As  it  is 
sometimes  wanting,  the  upper  bed,  which  consists 
principally  of  sand  and  gravel,  occasionally  rests  im- 
mediately on  the  solid  and  fundamental  limestone. 
The  lowest  stratum  is  the  repository  of  different 
mineral  substances,  such  as  the  sulphates  of  lime, 
strontian,  and  barytes,  and  of  flint,  quartz  crystal,  py- 
rites, bog  iron  ore,  sulphur,  and  bitumen.  Salt  springs 
also  rise  out  of  it,  and  it  occasionally  gives  vent  to 
hot  water  and  sulphuretted  hydrogen  ;  from  the  vici- 
nity, probably,  of  volcanic  materials-  The  upper  bed 
consists  of  siliceo-calcareous  or  siliceous  sand  and 
gravel,  often  containing  mica  and  yellow  ochre  ;  while 
in  some  places,  as  at  San  Marino  and  Volterra,  it 
becomes  a  solid  sandstone.  It  does  not  everywhere 
cover  the  marl  bed,  being  occasionally  deficient.  This 
deposit,  it  may  be  added,  is  sometimes  accompanied  by 
the  partial  breccias  just  noticed,  consisting  of  frag- 
ments of  the  older  rocks,  occasionally  containing 
shells. 

If  we  take  both  these  beds  together,  as  Brocchi 
has  sometimes  done  from  not  seeing  the  value  of  the 
distinction,  the  organic  remains  contained  in  them 
exhibit  great  confusion  of  origin.  They  comprise 
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numerous  marine  objects,  consisting  of  shells  and 
fishes;  but  these  are  far  more  abundant  in  the  marl 
than  in  the  sand ;  while  very  extensive  tracts  of  alluvia 
are  found  without  any.  The  shells  are  said  to  be 
sometimes  similar  in  both  beds;  but  it  is  important 
to  remark,  that,  where  they  abound,  they  are  found 
associated  in  families;  a  proof  that  they  have  not 
been  transported,  but  tbat  they  now  lie  where  they 
were  originally  produced.  Some  of  these  animals 
are  admitted  to  exist  in  the  present  seas  of  Italy, 
while  others  are  supposed  to  be  exotic  or  else  un- 
known; but  a  great  deal  of  obscurity  has  been  intro- 
duced into  this  latter  part  of  the  subject  by  Volta 
and  others;  partly  from  ignorance  of  this  branch  of 
natural  history,  and  partly  from  the  theory  to  which 
they  thought  it  necessary  to  make  every  thing  con- 
form. It  is  essential  to  observe,  that  the  shells  often 
retain  the  ligaments,  and  the  fishes  their  animal 
matter;  a  proof  of  the  suddenness  by  which  they 
have  been  elevated  above  the  waters  and  dried.  Nor 
is  it  less  important,  that,  among  these,  are  found  a 
far  greater  number  of  species  analogous  to  and  iden- 
tical with  existing  ones,  than  even  in  the  other  strata 
which  follow  the  chalk.  Out  of  240,  there  are  139, 
according  to  Brocchi,  of  this  description;  a  fact  which 
assists  in  indicating  a  date  for  these  deposits,  probably 
more  recent  than  those  of  some  other  tertiary  form- 
ations, and  depending  on  a  separate  and  local  cause. 

Besides  these  more  common  marine  remains,  there 
are  found  the  bones  of  whales  and  dolphins ;  and  even 
entire  skeletons  of  this  nature  have  been  discovered 
at  elevations  of  1200  feet  above  the  sea.  It  is  further 
remarkable,  that  the  bones  of  the  whales  have  been 
found  incrusted  with  oyster  shells,  and  that  they  are 
almost  always  in  a  state  of  high  preservation ;  a  proof 
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that  they  have  not  been  brought  from  a  distance,  or 
that  these  are  not  transported  alluvia.  The  terrestrial 
remains  generally  occur  a  few  feet  beneath  the  surface, 
and  are  therefore  commonly  in  the  sand  or  gravel,  or 
in  the  upper  bed;  but  as  that  bed  is  occasionally 
absent,  they  are  also  found  in  the  marl.  They  consist  of 
the  bones  of  the  Rhinoceros,  Elephant,  Hippopotamus, 
Mastodon,  Urus,  and  Elk,  together  with  the  horns 
of  Stags;  and  to  these  must  be  added  vegetable  re- 
mains, consisting  of  trunks  and  fragments  of  trees,  to- 
gether with  leaves  often  little  altered,  fresh  water 
shells,  and  lastly,  fragments  of  travertino,  or  alluvial 
rocks,  with  vegetable  calcareous  incrustations  resem- 
bling those  which  are  daily  formed  in  situations  where 
solutions  of  carbonat  of  lime  flow. 

Besides  these  two  remarkable  beds,  many  parts  of 
Italy  present  superficial  strata,  some  of  which  are 
peculiar  to  itself,  while  one  is  common  to  all  coun- 
tries. This  last  is  the  ordinary  alluvium  of  rivers; 
such  as  that  of  the  Po  and  Adige  to  the  northward 
of  the  Apennine,  and  that  of  the  Tiber  to  the  south- 
ward. Those  which  are  peculiar  to  it,  are  the  solid  cal- 
careous alluvial  rock  called  Travertino,  loose  tufaceous 
matters  of  the  same  nature,  and  volcanic  tufas.  The 
plain  of  Sarteano,  the  Maremma  of  Tuscany,  the 
Solfatara,  and  the  vicinity  of  Rome,  offer  examples 
of  these  strata.  The  calcareous  substances  sometimes 
contain  fresh  water  shells  and  vegetables;  nor  are 
these  always  absent,  even  from  the  volcanic  tufas. 

Hence  arises  a  confusion  which  requires  to  be  ex- 
plained, because  it  has  very  much  obscured  this  sub- 
ject. And  the  chief  source  of  this  consists  in  the 
transportation  of  the  volcanic  substances,  and  in  their 
cementation  by  means  of  the  calcareous  waters  which 
flow  from  the  Apennine.  In  consequence  of  this, 
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they  sometimes  contain  matters,  the  presence  of  which 
would  otherwise  be  unaccountable,  such  as  vegetables, 
and  land  or  river  shells.  In  the  same  way,  they  al- 
ternate, or  are  strangely  and  irregularly  intermixed 
with  the  travertine  and  the  loose  alluvia  of  the  rivers ; 
while  they  are  also  found  in  places  far  from  the  vici- 
nity of  recent  volcanoes,  or  from  even  the  suspicion 

of  antient  ones. 

• 

It  is  easy  to  comprehend  the  fallacies  that  must 
have  arisen  from  misapprehending  the  real  nature  of 
these  appearances.  When  also  an  opinion  of  their 
unintelligible  derangement  had  once  been  adopted, 
much  more  confusion  than  was  actually  present  was 
supposed  to  exist,  though  a  little  attention  would 
have  solved  all  the  imagined  difficulties.  Had  Brocchi 
originally  proceeded  on  a  proper  theory,  it  is  probable 
that  he  would  have  found  every  thing  easy,  and  have 
rendered  it  equally  so  to  his  readers. 

Though  it  is  said  that  similar  shells  are  sometimes 
found  in  both  the  alluvial  beds,  and  that  the  more 
conspicuous  marine  remains  occur  in  both,  it  is  de- 
cidedly stated  that  these  are  far  more  numerous  in  the 
marl  bed  than  in  the  arenaceous  one.  As  I  have  un- 
dertaken to  prove  that  the  lower  or  marl  bed,  at  least, 
is  a  marine  alluvium,  and  the  upper  probably  a  ter- 
restrial one,  it  is  necessary  to  try  to  reconcile  these 
anomalies,  as  well  as  that  which  consists  in  the  con- 
fusion among  the  volcanic  tufas  and  the  alluvial  sub- 
stances. The  entire  absence  of  all  organic  remains 
requires  no  explanation. 

Where  the  terrestrial  alluvia  are  wanting  the  organic 
substances  that  would  otherwise  be  found  in  them, 
must  necessarily  appear  to  lie  in  the  marine  or  lower 
stratum,  however  slightly  covered  or  truly  superficial 
they  may  be.  If  even  found  somewhat  deeper,  it  is 
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not  difficult  to  understand  how  this  might  happen,  as 
well  as  how  the  marine  remains  may  occasionally 
occur  in  the  upper  alluvia.  Revolutions  of  the  surface, 
and  principally  from  partial  transportation  by  rivers, 
must  inevitably  have  generated  much  confusion  of  this 
kind,  capable,  even  in  the  hands  of  a  good  observer, 
of  misleading  him  in  his  conclusions,  unless  previously 
on  his  guard  to  distinguish  appearances  which,  even 
then,  are  often  very  difficult  to  discriminate.  Oc- 
casional marks  of  transportation  might  easily  be  over- 
looked over  an  enormous  space,  when  the  principal 
facts  were  of  a  different  nature;  as  these  latter  would 
form  a  sort  of  standard  for  the  whole,  and  would 
naturally  lead  to  a  neglect  of  such  petty  variations  as 
seemed  to  be  uninteresting. 

Not  to  prolong  this  examination  too  far,  I  shall 
merely  suggest  two  more  circumstances  which  may 
easily  prove  sources  of  error  in  reasoning  about  these 
Italian  alluvia.  It  is  far  from  certain  that  the  two 
beds  can  every  where  be  distinguished  merely  by  their 
natures,  exclusively  of  the  remains  which  they  con- 
tain. A  sandy  stratum  must  necessarily  in  some 
places  have  formed  the  bottom  of  the  sea,  as  well  as 
a  muddy  or  marly  one.  Thus  the  marine  alluvium 
may  easily  be  confounded  with  the  terrestrial  one; 
beds  of  alluvial  matter  not  admitting  of  that  separation 
which  so  generally  marks  different  solid  strata,  even 
where  the  nature  of  the  two  beds  in  contact  is  the 
same.  It  is  possible  indeed  that  much  of  the  appa- 
rently terrestrial  alluvium  is  itself  marine;  a  suspicion 
which,  it  will  be  seen  in  a  future  chapter,  attaches  to 
many  alluvial  deposits.  It  is  also  notorious  that  vol- 
canic eruptions  and  earthquakes  have  produced  great 
confusion,  even  in  recent  times,  in  many  parts  of 
Italy:  and  when  we  consider  the  great  number  of 
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antient  volcanoes  in  that  country,  we  need  be  at  no 
loss  in  assigning  reasons  for  disturbances  and  ano- 
malies in  the  appearances  of  the  superficial  strata. 

The  proposed  explanation  of  these  appearances  is 
perhaps  already  obvious  to  the  reader.  It  is  that 
Italy  in  general,  is  covered  by  one  marine  stratum  in 
which  the  organic  remains  lie  in  an  alluvial  bed,  un- 
transported  and  undisturbed;  and  that,  above  this, 
there  lies  a  terrestrial  stratum,  however  originating, 
and  analogous  to  those  of  other  countries,  which  con- 
tains the  remains  of  land  animals,  similarly  analogous, 
in  all  respects,  to  those  which  are  found  in  most  other 
parts  of  Europe. 

It  remains  to  explain  this  state  of  things,  or  to  give 
a  theory  of  the  alluvial  deposits  of  Italy.  That  theory, 
if  just,  ought  to  be  applicable  to  similar  cases  of  marine 
alluvia  found  high  above  the  level  of  the  sea,  should 
such  hereafter  be  discovered  in  other  places;  and  it 
will  thus  furnish  us  with  a  new  key  for  the  solution 
of  a  certain  set  of  geological  phenomena,  for  which 
no  other  branch  of  any  of  the  general  theories  pro- 
vides an  adequate  explanation.  It  is  important  to 
remark  how  accurately  this  partial  theory  ramifies 
from  the  general  one  here  adopted  respecting  the 
present  positions  of  strata;  and  how  valuable  a  test 
of  any  theory  it  is,  to  be  thus  provided  with  the  means 
of  explaining  appearances  that  could  not  have  been 
anticipated  when  it  was  formed.  Had  Lazzaro  Moro 
taken  a  wider  and  more  accurate  view  of  the  circum- 
stances by  which  he  was  surrounded,  the  present  ex- 
planation would  not  have  been  required. 

In  the  phenomena  that  have  been  described  in  the 
eighth  Chapter,  the  positions  of  solid  rocks  alone, 
containing  marine  remains,  were  examined,  and  the 
causes  assigned,  as  far  as  the  appearances  permitted. 
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In  the  present  case,  we  see  the  germs  of  these  very 
submarine  strata,  exposed  before  their  consolidation, 
and  probably  presenting  the  appearances  which  they 
do,  merely  because  they  are  of  more  recent  date.  And 
instead  of  being  compelled  to  seek  for  causes  by  a 
circuitous  and  analogical  road,  we  find  these  at  hand 
in  the  general  volcanic  nature  of  the  country  under 
review;  while,  in  some  places,  we  can  almost  trace 
the  very  cause  itself  in  action. 

In  different  places,  and  in  Italy  very  particularly, 
it  has  been  observed  that  the  relative  level  of  the  sea 
arid  land  is  subject  to  change,  and  that  it  has,  in  past 
times,  undergone  frequent  alterations.  The  present 
case  may  be  considered  an  extreme  one  of  that  nature; 
in  consequence  of  which  the  bottom  of  the  sea,  to- 
gether with  its  consolidated  alluvia,  has  been  raised 
above  the  surface  of  the  water,  so  as  to  have  become 
dry  land.  Thus  it  is  easy  to  account  for  the  presence 
of  marine  remains,  as  well  as  for  their  existence  in 
that  singularly  undisturbed  state  which  has  been  de- 
scribed. 

It  is  equally  easy  to  account  for  the  proximity  of 
the  marine  and  the  terrestrial  remains,  as  also  for  that 
of  the  alluvia  which  respectively  enclose  each.  What- 
ever cause  or  causes  generated  the  usual  terrestrial 
alluvia  that  occur  all  over  the  world,  these  are  thought 
to  have  been  deposited,  in  most  cases,  upon  naked 
rock.  In  this  particular  one,  they  have  settled  on  a 
previous  alluvium  of  a  different  character,  and,  as  far 
as  our  present  imperfect  observations  go,  solitary. 
The  apparent  interference  of  the  two  classes  of  organic 
remains,  follows  of  course.  If  that  interference  is 
ever  greater,  so  as  to  amount  to  a  real  mixture  or 
alternation,  it  is  explained  by  a  variety  of  circum- 
stances, consisting  in  more  recent  changes  from  the 
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actions  of  rivers,  and  from  volcanic  deposits;  and 
in  the  imperfection  of  observations,  the  real  bearings 
and  value  of  which  were  not  anticipated  by  the  ob- 
server. 

It  follows  that  the  elevation  of  the  land  of  Italy 
which  is  the  origin  of  these  phenomena,  is  to  be  attri- 
buted to  the  same  causes  that  are  now^  there  producing 
smaller  changes  in  the-  relative  level  of  the  sea  and 
land,  by  elevating  the  latter.  They  are  the  same  vol- 
canic actions  which  raised  Santorini  from  beneath 
the  ocean,  and  which  have  produced  the  phenomena 
of  the  Coral  islands,  detailed  in  a  following  Chapter. 
Of  whatever  date  these  events  may  be,  they  are  an- 
terior to  all  history. 

It  is  now  evident  that  if  a  similar  occurrence  were 
to  take  place  at  present,  the  submarine  alluvial  stratum 
with  all  its  imbedded  remains,  would  exhibit  the  same 
appearances  as  the  lowest  of  the  Italian  beds  does: 
and,  that  the  skeletons  of  whales  should  be  found  in 
an  entire  state,  at  elevations  of  1200  feet  above  the 
level  of  the  sea,  is  no  more  surprising  than  that  they 
should  be  found  at  all.  This  particular  fact  is,  how- 
ever, important,  as  showing  the  vertical  extent  of  this 
elevation,  just  as  the  geography  of  the  marine  remains 
demonstrates  that  of  its  superficial  one.  For  want  of 
more  accurate  information,  we  may  here  take  these 
as  Signer  Brocchi  has  given  them,  for  the  extreme 
limits  both  ways;  and  thus  we  can  estimate  what 
Italy  was  before  this  change,  and  how  much  of  it  has 
been  the  consequence  of  a  volcanic  elevation,  more 
recent  than  those  extensive  changes  of  the  same  nature 
which  caused  and  determined  the  present  general  dis- 
tribution of  the  land. 

The  general  height  of  the  Apennine  is  well  known; 
and,  on  the  present  supposition,  the  whole  of  that 
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chain,  from  its  greatest  elevation  down  to  that  of  1200, 
must  be  supposed  to  have  formed  a  ridge  rising  above 
the  sea;  taking  the  skeletons,  from  Brocchi's  facts,  as 
the  extreme  measure.  I  need  not  extend  these  con- 
jectures to  the  side  of  the  Alps,  as  the  reader  can 
easily  pursue  these  speculations  at  his  leisure.  It  is 
probable  that  at  the  period  at  which  modern  Italy 
was  produced,  the  whole  of  the  central  chain  experienced 
a  fresh  elevation  to  the  altitude  of  at  least  1200  feet, 
and  over  a  superficial  space  which  reaches  from 
Otranto  at  one  end  of  the  country,  to  Piedmont,  and 
to  the  foot  of  the  Alps  at  least,  generally,  on  the  other 
side.  If  others  choose  to  imagine  that  only  those 
parts  were  thus  elevated  which  now  possess  the  sub- 
marine alluvium,  this  would  make  no  difference  in 
the  general  views,  since  that  force  which  was  suffi- 
cient to  move  so  large  a  part  of  Italy,  might  as  easily 
have  moved  the  whole.  This  is  a  circumstance  that 
might,  however,  be  put  to  the  proof,  by  examining 
the  stratification  of  the  Apennines  in  a  proper  man- 
ner. Some  dislocation  or  discontinuity  in  the  order 
of  the  stratification  will  be  found  at  a  certain  elevation, 
if  this  supposition  be  correct;  and  I  may  here  point 
out  to  those  geologists  who  may  have  an  opportunity, 
the  interesting  circumstances  of  various  kinds  which 
still  await  them  in  Italy,  from  the  views  of  the  nature 
of  that  country  which  I  have  here  given.  If  it  should 
be  suggested  that  the  whole  of  Italy,  even  to  the 
highest  point  of  the  Apennines,  was  raised  at  one 
period  from  beneath  that  ocean  in  which  the  lime- 
stone of  this  ridge  was  formed,  the  absence  of  the 
marine  alluvium  from  the  higher  parts,  would  be  ac- 
counted for  by  denudation. 

Though  these  phenomena  may  not  possess  so  high 
an  interest  as  the  great  elevations  of  the  continents, 
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they  are  of  a  much  more  impressive  character,    from 
the  greater  facility  with  which  we  connect  the  causes 
and  the  effects.      The  others  we  view  through  the 
mist  of  ages  so  distant,    that  they  excite  in  us  no 
personal    interest,     while  we  often  feel   inclined  to 
douht  conclusions  attended  by  consequences  revolting 
to  our  narrow  experience.   It  is  necessary  yet  to  point 
out  one  collateral  circumstance,    which  is  not  only 
interesting  in  itself,  but  which  strongly  confirms  the 
views   here  held  out.      That  is,    the  suddenness  or 
rapidity  of  the  action  which  produced  these  important 
events.     This  might  be  concluded  from  the  undis- 
turbed state  of  some  of  the  shells  and  skeletons   al- 
ready mentioned ;   but  it  is  still  more  strongly  proved 
by  the  preservation  of  the  animal  matter  in  the  liga- 
ments of  the  bivalves,    and  by  the  condition  of  the 
fishes  of  Monte  Bolca,    belonging  to  the  lower,    or 
marine  alluvium,  in  which  the  muscular  substance  is 
converted  into  a  kind  of  glue  :  a  fact  observed  in  no 
other  case.       The  well-known   specimen,   in  which 
one  fish  is  thought  to  have  been  arrested  in  the  act 
of  swallowing  another,    proves  the  same  thing.      I 
may  here  also  observe,     that  the  condition  of    the 
fossil  fishes  of  Iceland  throws  light  on  this  remark- 
able deposit.     These  are  found  imbedded  in  an  indu- 
rated mud  or  marl,  at  Patriks  Fiord,    where  it  is  said 
they  are  now  in  the  act  of  being  formed.      The  fish, 
in  a  living  state,  or  perhaps  but  just  dead,    seems  to 
have  been  first  entangled  in  a  soft  mud,  that  has 
afterwards  been  firmly  attached  to  it  by  means  of  the 
animal  matter  which  has  mixed  itself  with  that  sub- 
stance ;    while  the  harder  parts,  or  the  bones  and  the 
scales,  remain  unchanged.     Thus   the  nodule   which 
encloses  them  is  first  produced,    and  it  remains  im- 
bedded in  the  surrounding  materials. 
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In  quitting  this  subject,  I  must  point  out  to  geo- 
logists, the  propriety  of  examining  all  the  countries 
which  are  analogous  to  Italy  ;  since  the  same  cir- 
cumstances respecting  the  alluvia  may  possibly  exist 
in  many  other  places.  It  is  scarcely  necessary  to 
name  those  where  such  phenomena  may  be  sought 
for  ;  though,  as  being  the  most  easy  of  access,  and 
as  presenting  the  most  satisfactory  examples  of  vol- 
canic elevation,  I  may  point  out  Sicily,  and  Auvergne, 
together  with  the  Azores  and  the  other  volcanic 
islands  of  the  African  coast,  as  well  as  St  Helena, 
Ascension,  and  perhaps,  Owhyhee.  It  ought  also  to 
be  entered  among  the  perpetual  subjects  of  retrospect 
in  every  geologist's  recollection,  that  as  all  the  supra- 
marine  land  has  apparently  been  elevated,  by  some 
causes,  from  the  bottom  of  the  sea,  there  may  be 
submarine  alluvia  beneath  terrestrial  ones  in  many 
countries  which  show  no  traces  of  a  volcanic  nature, 
or  of  a  volcanic  origin.  It  is  quite  possible  that  this 
may  have  been  the  true  source  of  many  of  the  ap- 
pearances connected  with  alluvia,  and  with  fossil  re- 
mains of  different  origins,  that  have  been  the  causes 
of  so  much  trouble  to  observers.  I  shall  have  occasion 
hereafter  (in  the  twenty-first  Chapter)  to  show  that 
the  elevations  of  the  land  have  probably  taken  place 
at  very  distant  periods,  and  that  the  causes  operated 
through  a  long  series  of  ages.  Hence  there  may  be 
a  chain  of  intervals  in  time,  connecting  the  most 
remote  catastrophes  of  this  nature  with  that  of  Italy, 
and  uniting  even  this  one,  with  the  elevation  of  the 
Coral  islands,  described  in  the  seventeenth  Chapter, 
and  with  the  still  later  formation  of  volcanic  islands. 
Among  some  of  these,  we  might  therefore  expect  to 
find  appearances  analogous  to  those  which  form  the 
subject  of  this  discussion  ;  as  we  can  scarcely  con- 
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ceive  such  an  extensive  elevation  of  rocks,  without 
an  accompanying  one  of  the  unconsolidated  materials 
also,  which  chanced  to  he  present.  It  is  sufficient 
however,  to  have  suggested  this  possible  case. 

I  remarked,  at  the  commencement  of  this  chapter^ 
that  the  deposits  here  discussed  had  been  confounded 
with  the  other  recent  or  tertiary  strata,  Unques- 
tionably, there  is  a  similarity  in  the  strata  and  in  the 
imbedded  substances,  even  where  it  is  demonstrable 
that  the  former  are  the  produce  of  aestuaries,  or  of 
basins  ;  but  it  is  one  that  is  plainly  necessary,  under 
whatever  difference  of  circumstances  they  may  re- 
spectively have  been  produced.  In  both  cases,  they 
could  have  been  but  the  materials  which  are  deposited 
under  sea  water,  and,  in  both,  they  must  have  con- 
tained analogous  animal  remains.  But  it  must  be 
evident,  that,  while  those  remains  may  present  pecu- 
liarities in  the  one  situation,  not  existing  in  the  other, 
the  alluvia  under  review  occupy  positions  very  dif- 
ferent from  those  of  any  sestuary  or  lake  that  can  be 
imagined.  It  will  yet  however  remain  to  be  seen, 
whether  some,  even  of  those,  may  not  belong  to  this 
division ;  as  I  shall  soon  proceed  to  show  that  ana- 
logous causes  are  required  for  the  explanation  of 
many  of  those  which  occupy  elevated  positions. 
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CHAP.    XVI. 

On   the   Deposits   colled  tertian/  and  fresh-water 
Formations. 

GEOLOGY  yet  wants  a  fit  name  for  those  deposits  of 
strata  which  are  later  than  the  Chalk.  If  the  older 
rocks,  up  to  this  point,  conld  be  rightly  distinguished 
into  primary  and  secondary  only,  the  word  tertiary 
would  be  sufficiently  appropriate ;  but  under  the 
better  classification  which  I  shall  hereafter  propose, 
some  other  distinction  will  be  necessary.  The  term 
fresh-water  formations  is  in  every  way  objectionable ; 
since  it  confounds  the  deposits  of  antient  marine  aes- 
tuaries  or  basins,  with  those  of  fresh-water  lakes. 

On  this  subject,  our  information  is  still  imperfect, 
rapidly  as  it  has  increased  of  late ;  partly  because  of 
limited  observations,  and  partly  because  of  hypotheti- 
cal and  false  views  respecting  some  of  the  principal 
deposits ;  misleading  other  observers  to  substitute, 
imagination  for  facts.  But  I  hope  to  show  that  many 
distinct  things  have  been  confounded  under  one  term ; 
and  with  the  consequence,  as  I  trust,  of  hereafter 
procuring  better  observations  from  the  geologists  who 
may  undertake  this  subject.  When  this  shall  happen, 
there  will  be  little  difficulty  in  filling  up  the  details  of 
what  I  must  here  give  in  the  most  general  manner. 

Whatever  confusion  may  have  been  made  on  this 
subject,  this  general  character  belongs  to  all ;  to  those 
which  properly  demand  the  present  place,  to  the  strata 
mentioned  in  the  last  chapter,  and  to  the  alluvial  de- 
posits of  the  testuaries  of  the  present  ocean  ;  namely, 
that  they  arc  found  lying  on  the  chalk,  or  on  whatever 
stratum  of  the  great  marine  series  happens  to  be  upper- 
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most,  and  under  a  want  of  relation  or  parallelism  to 
those  strata.  Thus  they  are  easy  to  discover  and 
assign;  and  it  is  no  credit  to  geologists  that  they  were 
so  long  overlooked,,  and  so  perpetually  confounded 
with  the  secondary,  and  even,  with  the  primary  strata, 
as  had  been  done  in  the  case  of  the  "  bituminous  marl 
slate."  I  shall  commence  by  making  those  distinctions 
among  them  which  have  not  yet  been  made ;  and 
thence,  as  I  hope,  elucidate  the  whole  subject. 

I  must  first  reject  entirely  those  strata,  be  they 
hard  or  loose,  and  whatever  remains  they  may  con- 
tain, marine,  or  terrestrial,  which  occur  in  any  place 
or  country,  where  it  can  be  shown  by  geographical 
investigation,  that  they  have  formed  a  portion  of  the 
bottom  of  the  actual  ocean.  The  remark,  thus 
stated,  seems  so  simple,  that  every  one  will  accede  to 
this  exclusion :  and  yet  that  distinction  has  been  so 
little  made,  that  many  of  the  tertiary  strata  described, 
are  of  this  nature :  as  these  discreditable  errors  have 
produced  a  very  great  part  of  the  confusion  which 
has  encumbered  this  subject.  And  let  it  be  remem- 
bered, that  if  the  bottom  of  the  present  ocean  extends 
to  the  foot  of  the  mountains  of  Upper  India,  as  to 
those  of  British  America,  covered  by  terrestrial  allu- 
via, there  are  thousands  of  similar  inland  places  in  the 
world,  where  the  same  facts  must  exist ;  as  it  is  most 
certain  that  these  deposits  have  been  often  confounded 
with  the  proper  tertiary  strata.  And  these  are  the 
cases  also,  where  the  alternations  of  marine  and  ter- 
restrial remains  especially  occur;  under  circumstances 
precisely  the  same  as  are  now  taking  place  on  many 
sea  shores,  and  especially  at  the  sestuaries  of  rivers. 
To  class  these  with  other  tertiary  strata,  is  to  place 
an  effectual  bar  to  all  knowledge  or  hope  of  order : 
they  must  be  ranked  with  alluvial  formations;  for  to 


AND    FRESH-WATER    FORMATIONS.  315 

those  they  as  properly  belong  as  the  present  sands  of 
our  sea  shores.  In  all  else,  it  is  a  mere  question  of 
time. 

The  last  chapter  has  also  excluded  a  whole  division 
of  deposits,  which  had  equally  been  confounded, 
sometimes  with  the  last,  but  more  generally  with 
those  which  I  am  about  to  rank  by  themselves  as  pro- 
perly deserving  a  separate  place  here.  The  differences 
are  important,  if  the  causes  of  both  have  sometimes 
been  the  same  ;  for  these  are  deposits  formed  in  the 
present  ocean,  a  portion  of  its  bottom  under  a  for- 
cible change  of  place.  They  were  those  preparations 
for  future  strata  which  are  still  forming  under  the 
sea  :  and  we  may  say  that  the  time  of  their  elevation 
has  been  anticipated. 

Excluding  then  both  these,  there  remain  those 
which  I  shall  now  attempt  to  distinguish  and  explain : 
but  though  I  must  include  them  all  in  this  chapter, 
it  will  be  seen  that  they  demand  separate  classes,  as 
they  are  essentially  different,  under  two  leading  heads ; 
while,  under  other  views,  they  may  even  demand  a 
further  subdivision.  If,  for  want  of  sufficient  facts,  I 
cannot  at  present  venture  to  divide  them,  future  geo- 
logists may  fill  up,  by  examples,  this  proposed  divi- 
sion ;  as  they  will  hereafter,  I  hope,  find  no  diffi- 
culty in  furnishing  the  facts  of  which  I  am  yet  in 
want.  The  basis  of  arrangement  is  supplied  in  this 
theory. 

If  Lake  Superior  were  now  to  be  suddenly  drained, 
we  should  find  a  series  of  strata  covering  its  bottom  ; 
and  from  what  we  know  of  drained  lakes,  we  should 
discover,  at  least,  sandstones,  shales,  and  limestones, 
together  with  loose  clay,  sand,  marl,  lignites,  and 
terrestrial  organic  fossils,  both  vegetable  and  animal. 
Or,  if  it  were  to  be  filled  up,  through  the  deposits  of 
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its  rivers,  a  similar  series  would  occupy  that  cavity, 
which  would  then  be  a  huge  basin  of  tertiary  strata. 
On  a  small  scale,  this  fact  is  abundant  in  Scotland  : 
we  need  not  go  further  to  seek  for  what  may  be  called 
Lacustral  fresh  water  formations.  And  this  forms  an 
intelligible  division ;  demanding  a  class  for  itself,  as 
far  as  the  difference  between  fresh  water  and  salt  is 
entitled  to  claim  two  classes. 

If  we  turn  to  the  Caspian  sea,  and  reason  on  it  in 
the  same  manner,  the  same  conclusions  follow ;  and 
we  may  thus  form  a  division  or  class  of  Lacustral 
marine  formations.  The  qualities  of  the  strata  might 
possibly  differ,  or  they  might  not ;  but  the  striking 
difference  to  a  zoologist,  would  be  found  in  the  nature 
of  the  organic  fossils.  They  would  be  marine,  as  far 
as  such  distinctions  are  secure  and  assignable.  But 
another  event  would  happen  in  this  case :  and  thus 
would  follow  a  distinction,  the  nature,  and  value, 
and  causes  of  which  have  been  strangely  misap- 
prehended, under  that  mixture  of  an  ignorance  seek- 
ing for  causes  where  they  were  not  to  be  found,  and 
that  love  of  the  marvellous  which  has  been  far  too 
predominant  in  geology.  Where  the  rivers  enter, 
the  organized  beings  of  fresh  water  would  be  depo- 
sited ;  and  they  would  also  be  deposited  under  inun- 
dations, through  transportation.  It  is  the  exact 
parallel  to  the  'destuary  of  a  river  ending  in  the  ocean; 
and  thus  would  there  be  mixtures  and  alternations  of 
marine  and  fresh  water  fossils,  of  animals  and  of 
vegetables.  And  further,  as  such  lakes  are  main- 
tained in  a  state  of  saltness,  only  because  they  have 
no  exit,  it  is  conceivable,  from  known  facts,  that  such 
an  exit  might  have  occurred  after  a  certain  time;  in 
which  case  a  salt  lake  would  be  followed  by  a  fresh 
one  in  the  same  place,  whence  also  there  would 
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occur  a  change  of  the  organic  fossils  in  the  collection 
of  strata  formed. 

And  in  each  of  such  cases,  hypothetically  put  at 
present,  there  must  occur  purely  terrestrial  alluvia. 
The  uppermost  portion  of  a  drained  or  filled  lake 
must  always  be  of  this  nature.  But  this  is  not  all. 
These  alluvia  are  progressive,  and  often  at  more 
points  than  one.  And  under  this  progression,  they 
are  subject  to  be  overwhelmed  by  inundations,  be- 
coming thus  buried  under  the  finer  materials  which 
form  the  bottom  of  such  lakes,  of  whatever  nature. 
This  fact  occurs  daily :  and  thus  are  terrestrial  alluvia 
often  deeply  covered  by  materials  which  are  properly 
aquatic,  inasmuch  as  they  form  the  subaquatic  de- 
posits. This  is  common  with  peat,  often  deeply 
covered  by  sand  or  mud,  and  thus  even  producing 
the  alternations  familiar  in  mountainous  countries. 
In  such  alluvia  also,  there  may  occur  the  remains  of 
terrestrial  animals,  whether  from  inundations  or  other 
causes ;  and  hence  may  such  remains  alternate  with 
mud  or  sand,  or  with  those  substances  after  conver- 
sion into  marl,  shale,  limestone,  or  sandstone. 

Now  what  I  have  thus  stated  hypothetically,  con- 
sists of  a  series  of  facts,  which,  in  some  place  or 
other,  all  occur.  They  are  the  facts  on  which  a 
theory  is  always  safely  founded  :  it  would  be  well  if 
there  were  many  as  well  supported.  And  they  ex- 
plain every  essential  circumstance  which  has  ever  yet 
been  observed  in  such  tertiary  deposits  as  have  de- 
manded no  other  or  accessary  causes  for  their  present 
condition.  Except  the  occasional  presence  of  gyp- 
sum, there  is  nothing  unexplained,  thus  far.  There 
does  not  even  remain  one  of  those  imagined  mysteries, 
respecting  the  mixtures  or  alternations  of  marine  and 
fresh  water  fossils,  or  the  occurrence  of  the  skeletons 
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of  quadrupeds  in  such  deposits,  or  the  alternations  of 
these  and  their  loose  alluvia  with  solid  rocks.  I  have 
shown,  in  another  place,  that  crowds  of  skeletons  of 
land  animals  are  sometimes  deposited  in  the  sea 
itself,  and,  in  a  former  chapter,  how  rocks  are  pro- 
duced from  these  loose  materials.  And  thus  may  we 
dismiss,  through  a  simple  reasoning  from  the  most 
common  facts,  all  the  .wonders  which  have  been 
attached  to  these  basins,  with  their  deposits  and  their 
contents,  be  those  what  they  may. 

Thus  far,  all  is  simple.  There  are  tertiary  strata, 
in  basins,  either  of  fresh  or  of  salt  water,  in  both  cases 
Lacustral,  in  both  containing  terrene  quadrupeds,  in 
the  latter  case  containing  marine,  and  fresh  water,  or 
terrene,  remains  intermixed,  and,  in  both,  remaining 
in  the  very  places  where  they  were  formed;  remaining 
also  undisturbed,  and  as  easily  assignable  by  any 
geologist  deserving  of  this  name,  as  the  thousand 
more  limited  deposits  of  recently  extinguished  lakes. 
It  were  well  if  geological  investigations  were  always 
as  easy.  That  the  deposits  of  Oeningen  should  have 
been  so  long  mistaken,  is  a  proof  of  the  very  scanty 
portion  of  observation  and  of  reasoning  which  geolo- 
gists have  contrived  to  possess  and  apply  to  their 
science. 

Thus  we  have  a  division  of  tertiary  strata  which 
will  be  single,  if  we  rest  it  on  the  fact  that  it  is  in 
situ,  or  remains  where  it  was  formed ;  while  if  the 
quality  of  the  water  be  held  a  necessary  ground  of 
further  division,  we  must  make  two  classes.  I  am, 
myself,  inclined  to  consider  it  as  one  class  out  of 
the  two  into  which  I  should  divide  the  proper  tertiary 
strata.  Of  the  other  class,  the  history  and  the  theory 
both,  are  far  more  intricate;  though  I  hope  to  show 
that  the  one  which  I  shall  propose  is  the  true  one. 


AND    FRESH-WATER    FORMATIONS. 

The  preceding  chapter  has  indeed  already  suggested 
what  this  theory  is  to  be;  and  I  may  examine  its 
probability  in  the  same  hypothetical  manner,  first, 
and  end,  as  before,  with  a  reference  to  the  facts  in 
evidence. 

Having  shown  that  the  "  Subapennine"  formations, 
are  the  bottom  of  the  present  ocean,  thus  elevated 
in  times  posterior  to  the  general  emergence  of  the 
secondary  strata,  it  is,  first,  plain,  that  aestuaries  must 
have  been  engaged  in  it,  forming  a  portion  of  the 
total  elevated  mass.  It  is  next  evident,  that  as  land 
already  supramarine  was  further  elevated  in  this  case, 
it  might  have  contained  lakes  of  any  nature,  and  in 
any  stage  as  to  the  formation  of  subaquatic  deposits. 
Thus  might  a  pure  basin  of  lacustral  formation  have 
been  elevated  by  the  volcanic  forces;  as  this  might 
also  be  either  a  fresh  or,  a  saline  one,  or  further,  have 
contained  that  mixture  already  explained.  And  if 
there  be  such  a  basin,  it  may  exist  at  any  elevation 
equivalent  to  any  one  that  has  been  proved,  though 
not  limited  by  such  a  measure.  It  might  thus  be 
situated  as  high  as  the  highest  of  the  Subapennine 
deposits,  or  as  high  as  the  coral  reaches  on  the  sides  of 
Mouna  Roa;  not  to  make  more  extravagant  sup- 
positions, founded  on  the  elevations  of  limestones 
in  the  more  antient  times  of  the  globe.  Under  the 
same  hypothetical  view,  if  such  a  basin  of  strata  can 
be  distinguished  from  those  in  situ,  the  distinction 
should  be  sought  in  the  neighbouring  presence  of 
such  appearances  as  these  of  the  Subapennine  deposits, 
and  in  the  disturbance  of  its  regularity,  under  modes 
analogous  to  those  which  occur  among  elevated  rocks 
in  the  older  marine  strata. 

Such  is  the  hypothetical  view:  a  deposit  of  such 
a  character  ought  to  exist:  the  facts  will  show  whether 
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it  does:  and  if  it  is  not  yet  known,  it  will  probably 
be  found  on  due  research ;  as  this  inference  a  priori 
will  form  the  guide  to  the  geologist,  leaving  him 
nothing  to  do  but  to  observe.  This  is  the  true  use 
of  a  work  of  this  nature:  it  is  the  guide  and  the 
solution  in  one;  for,  if  the  views  be  just,  it  is  Science; 
and  all  that  follow,  are  artists  only. 

But  there  are  no  facts  to  this  extent;  for,  excepting 
some  very  scanty  records,  well  known,  the  confused  and 
undiscriminating  descriptions  of  geologists,  numerous 
as  they  are,  teach  nothing  on  which  we  can  rely.  The 
fossil  shell  has  had  more  charms  than  the  history  of 
the  earth ;  and  all  that  demanded  and  deserved  observa- 
tion has  been  superseded  by  petty  details;  easy  and 
worthless,  yet  not  without  their  poor  fame,  and  thus, 
tempting,  under  the  neglect  of  geology  and  the  abuse 
of  that  term. 

Yet  we  are  not  without  evidence  of  some  kind  ; 
and  it  is  by  reasoning  on  this  principle,  and  this 
alone,  that  we  can  explain  the  two  examples  which 
have  been  best  studied.  If  it  does  not  therefore  prove 
such  a  supposed  case  as  I  have  stated,  it  does  what 
is  far  more  valuable;  since  it  explains  those  exam- 
ples which  had  never  before  been  understood,  and 
respecting  which  there  has  been  as  much  wonder 
and  mystery  on  the  one  hand,  as  there  have  been 
fanciful  or  false  explanations  on  the  other. 

I  allude  to  the  deposits  of  Paris  and  of  the  Isle  of 
Wight  more  particularly.  The  general  history  and 
nature  of  each  is  well  known  to  all  geologists ;  but 
the  facts  that  concern  us,  here,  are  soon  stated.  The 
basin  of  Paris  is  elevated  high  above  the  present 
ocean,  and  it  is  insulated.  I  need  here  take  no  notice 
of  its  alternations;  the  possible  causes  have  been  al- 
ready stated;  and  I  but  agree  with  many  geologists  of 
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that  country,  in  believing  that  there  is  none  of  that 
mystery  which  was  stated  in  the  original  report. 
Under  such  a  view  it  might  have  been  an  inland 
saline  lake,  but  it  might  also  have  been  an  aestuary 
of  the  ocean.  In  either  case,  it  is  explained  on  the 
principle  of  elevation,  under  the  reasoning  applied 
to  the  Subapennine  formations. 

If  this  explanation  be  thought  doubtful,  in  that  case, 
there  can  be  no  doubt  as  to  the  instance  in  the  Isle  of 
Wight.  The  vertical  position  of  the  chalk  is,  here,  an 
incontrovertible  proof  of  elevation,  of  a  partial  nature, 
posterior  to  its  original  emergence.  It  is  the  case 
of  Italy  on  a  limited  scale  :  and  thence  the  conclusion 
is,  that  aestuaries,  as  well  as  basins,  not  only  must 
have  been  elevated,  but  that  one  or  both  actually  have 
been  so. 

Thus  we  not  only  prove  the  possibility  of  such 
greater  elevations  as  I  originally  suggested,  but  are 
also  provided  with  a  solution  for  many  cases ;  of 
which  there  may  be  more  than  this,  and  under  many 
varieties,  yet  to  be  discovered.  The  condition  of 
modern  Italy  proves  that  the  relative  level  of  the  sea 
and  land  are  changing,  even  in  recent  times  ;  as  its 
antient  one,  already  recorded,  proves  far  greater 
changes  of  the  same  nature.  There  is  not  merely 
variation,  but  vacillation  of  level ;  and  I  shall  hereaf- 
ter show  that  this  is  a  common  occurrence  in  many 
places.  Thus  then  might  tertiary  deposits,  whether 
in  lakes  or  aestuaries,  have  undergone  such  vacillations, 
and  to  great  extent,  in  those  antient  times  in  which 
volcanic  action  seems  to  have  been  more  powerful 
than  it  now  is :  and,  in  this  way,  we  find  the  means 
of  explaining  any  condition  of  these  tertiary  deposits 
that  can  be  imagined,  and  among  others,  such,  for 

VOL.  i.  Y 
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example,   as  a  real   alternation    between  a  maritime 
sestuary  and  a  fresh  water  lake. 

Thus  may  I  end  this  general  view  of  the  nature 
and  distinctions  of  those  two  classes  of  deposits  to 
which  I  consider  that  the  term  tertiary  strata  should 
be  limited,  to  the  exclusion  at  least  of  the  others. 
Yet  they  evidently  demand  two  terms  and  two  distinc- 
tions. I  cannot  but  believe  that  it  will  prove  their 
true  theory  ;  and  that,  as  far  as  the  facts  go,  the  ex- 
clusions which  I  have  made  will,  together  with  these 
distinctions,  bring  light  on  this  hitherto  dark  subject, 
and  ultimately  lead  to  such  records  of  facts  as  will 
confirm  them,  while  they  complete  this  portion  of  the 
history  of  the  Earth.  I  may  proceed  to  notice  some 
of  the  recorded  cases,  as  being  probably  expected  in  a 
chapter  on  this  subject. 

Though  careful  investigations  into  this  portion  of 
geology,  date  only  from  the  report  of  Cuvier  and  Bron- 
gniart,  the  first  hint  of  such  deposits  seems  to  have 
originated  with  Lamanon  in  1782,  while  those  of 
Switzerland  attracted  the  attention  of  Count  Razou- 
mowski  in  1789.  Of  those  which  have  been  noticed, 
the  following  examples  will  serve  to  show  that  they 
form  an  extensive  class  of  strata,  to  which  future  exami- 
nation must  be  expected  to  add  many  more. 

In  Europe,  there  have  been  observed,  those  of 
England,  comprising  the  Isle  of  Wight  and  the 
London  district ;  those  of  France,  including  the  basin 
of  Paris,  that  of  the  Loire  and  Allier,  that  of  the 
Garonne  and  Adour,  with  those  of  the  Bouches  du 
Rhone,  and  of  Auvergne  ;  to  which  may  be  added  those 
of  the  Rhine.  Similar  deposits  also  occur  in  the 
North  of  Germany,  from  Holland  to  Poland ;  and  in 
Bavaria,  Switzerland,  Austria,  Hungary,  Transylvania, 
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Wallachia,  Moldavia,  and  Bohemia.  They  have  fur- 
ther been  observed  in  the  west  of  Italy,  in  Spain,  at 
Salonica,  near  Corinth,  and  near  Constantinople.  In 
South  America,  they  occur  near  Cumana,  at  Porto 
Cabello,  Cartagena,  and  Santa  Fe  de  Bogota,  as  also 
in  Guadaloupe ;  and  many  have  also  been  named  in 
Northern  America  and  Asia. 

But  this  is  an  indiscriminate  mass,  according  to  the 
views  here  entertained  ;  and  there  is  little  reason  to 
doubt  that  they  contain  examples  of  what  I  have  in- 
cluded and  what  I  have  here  separated.  But  it  is  not 
my  business  to  analyze  bad  observations,  or  to  do 
what  the  reporters  have  not ;  it  is  sufficient  that  I 
have  shown,  in  the  preceding  chapter,  an  example  of 
such  analysis,  and  that  the  means  of  examining  and 
arranging  them  are  furnished  by  the  present  one.  As 
far  as  it  is  safe  to  conjecture,  those  of  Switzerland  are 
lacustral  and  fresh-water  deposits;  those  of  Wallachia 
and  Moldavia  may  be  only  aestuaries  of  the  present 
sea,  those  of  Italy  are  apparently  the  very  strata  de- 
scribed in  the  last  chapter,  and  those  of  Auvergne  may 
have  been  elevated  ones  ;  but  whether  basin-shaped  or 
not,  remains  to  be  examined.  Let  it  be  remembered, 
that  the  interesting  questions  for  geology  are,  not  the 
nature  of  the  deposits  simply,  and  far  less  that  of 
their  remains :  it  is  the  mode  of  their  formation,  and 
their  ages,  especially  as  concerned  with  the  last  revo- 
lutions of  the  Earth ;  since  that  forms  the  great  point 
of  interest. 

But  if  geology  has  hitherto  occupied  itself  chiefly 
with  petty  circumstances,  the  pursuit  of  specimens,  not 
of  science,  the  facts  on  which  science  builds,  it  is  true, 
but  which  are  of  no  value  without  the  building,  thus, 
under  its  favourite  bias  to  universal  formations,  has  it 
also  attempted  to  unite  remote  deposits  of  this  nature 
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under  imagined  resemblances  or  identities.  Unclassed 
as  they  have  remained,  the  futility  of  such  attempts  is 
obvious ;  but  even  where  the  geological  facts  corre- 
spond, there  is  no  philosophy  in  such  endeavours.  If 
there  are  any  strata  on  the  face  of  the  earth  which  are 
truly  independent,  it  must  be  these.  General  reason- 
ing, and  analogies  drawn  from  the  older  strata,  parti- 
cularly from  the  coal  series,  must  conclude,  that  such 
deposits  will  differ  in  different  places ;  and  thus  the 
fact  proves.  Not  only  do  the  number  and  the  succes- 
sion of  strata  differ  in  each,  but  the  natures  of  the 
substances  themselves.  Hence  also  the  impropriety 
as  well  as  the  inconvenience  of  using  a  positive  term, 
such  as  that  of  Plastic  clay,  or  Calcaire  grossier,  to 
designate  what,  in  another  place,  may  be  neither  of 
those  particular  substances.  It  is  plain  that  the  nature 
of  any  such  deposit  must  have  been  regulated,  like 
every  anterior  stratum,  by  the  matters  which  were 
present :  and  to  suppose  that  the  organic  remains 
could  correspond  in  remote  places,  is  even  to  coli- 
found  all  zoological  history. 

If  this  remark  applies  to  those  which  are  of  marine 
origin,  still  more  is  it  true  where  they  have  been 
formed  under  fresh  water ;  since  a  want  of  coinci- 
dence or  similarity  must  still  more  occur  in  such  cases, 
and  especially,  as  far  as  plants  and  animals  are  con- 
cerned. It  is  this  practice  of  generalizing  from  a 
particular  tract  or  country,  which  has  constantly  ob- 
structed the  progress  of  Geology,  obstructing  it  still, 
more  than  ever,  in  the  case  of  the  secondary  strata  ; 
as  the  evil  effects  increase,  the  higher  we  ascend  in 
the  series,  from  the  increasing  independence  of  the 
deposits.  There  is  no  chance  of  our  becoming  truly 
acquainted  with  the  deposits  under  review,  till  Geo- 
logists shall  substitute  real  observation  and  descrip- 
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tion,  for  a  convenient  phraseology ;  convenient,  as 
saving  the  trouble  of  observation  and  reasoning, 
equally.  There  is  some  truth  also  in  Breislak's  sati- 
rical remark,  that  The  London  clay,  The  Muschel- 
calk,  and  so  on,  are  but  modes  of  national  vanity. 

I  shall  quote  the  two  last  described  examples,  those 
of  Paris  and  the  Isle  of  Wight,  as  specimens  of 
actual  details,  and  as  examples  of  differences  under 
analogy,  these  being  also  more  instructive  on  this 
last  subject,  on  account  of  their  proximity.  But  I 
must  condense,  and  refer  to  the  well-known  original 
reports  ;  premising,  however,  that  these  are  by  no 
means  always  free  of  system. 

In  the  basin  of  Paris,  the  lowest  strata  consist  of 
sand  and  of  clay,  with  marine  remains,  followed  by  a 
deposit  called  the  Calcaire  grossier,  including  many 
subordinate  strata,  and  series  of  strata,  as  they  are 
considered,  consisting  of  limestone,  marl,  sandstone, 
chert,  and  shale,  and  containing  also  marine  shells. 
This  is,  evidently,  a  marine  deposit,  and  is  called  the 
first  marine  formation ;  but,  in  the  upper  parts,  it 
contains  fresh  water  shells,  and  Lignite.  Above  this, 
another  series  has  been  constructed  out  of  certain 
strata  of  limestone,  and  of  calcareous  and  argillaceous 
marl  containing  gypsum;  including  also,  marine 
shells  and  fresh  water  ones,  lignites  consisting  of  the 
palm  tribe,  and  the  bones  of  quadrupeds  and  amphi- 
bious animals.  This  series  has  been  called  the  lowest 
fresh  water  formation.  Still  higher,  follows  marl 
containing  marine  shells  and  remains,  sandstone  and 
sand,  and  a  cavernous  chert,  or  the  millstone  ;  form- 
ing what  is  called  the  upper  marine  formation,  though 
it  is  a  question  whether  this  last  rock  does  not  belong 
to  the  fourth  series.  That  is  a  calcareous  rock  con- 
taining fresh  water  shells,  of  species  still  existing, 
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together  with  vegetable  fragments.  The  whole  is 
followed  by  the  alluvia,  which,  however  interesting 
from  their  interred  remains,  do  not  concern  the  pre- 
sent question. 

In  that  of  the  Isle  of  Wight,  the  clay  is  succeeded 
by  various  marls,  including  fresh  water  shells  of  dif- 
ferent species  and  genera,  and,  subsequently,  by  other 
marls  containing  mariife  shells,  followed  by  strata  of 
calcareous  rock,  marl,  clay,  and  sandstone,  in  which 
the  shells  belong  to  fresh  water.  Thus,  here,  as  in 
the  basin  of  Paris,  it  is  conceived  that  there  are 
two  deposits  from  fresh  water,  separated  by  one  of 
marine  origin. 

I  shall  leave  it  to  others  to  apply  to  these  the  cri- 
tical analysis  of  which  I  have  furnished  the  grounds : 
and  still  more  shall  I  do  this  as  to  the  London  de- 
posit, on  which  the  remarks  ought  to  be  obvious 
enough.  It  is  one  of  the  cases  demanding  a  decided 
separation  ;  as  are  many  more  of  those  formerly  enu- 
merated. To  reason  from  the  observations  of  others, 
is  always  sufficiently  disagreeable ;  when  the  obser- 
vations are  bad,  it  is  often  a  hopeless  attempt. 
When  such  a  deposit  as  that  of  Oeningen  has  been 
called  marine,  because  an  obscure  shell  or  doubtful 
fish  was  supposed  to  be  such,  it  is  a  sufficient  ex- 
ample of  the  hopelessness  of  such  attempts.  At  any 
rate,  it  is  not  the  business  of  a  systematical  work. 

The  general  conclusion  derived  from  these  and  the 
other  deposits,  as  it  regards  their  strata,  is  now  ob- 
vious. Clay  and  sand  must  have  been  deposited  in 
these  circumstances,  as  it  has  been  in  prior  states  of 
the  globe,  and  as  it  is  now  ;  and  calcareous  matter 
must  have  been  produced  by  marine  shells ;  as,  lastly, 
these  strata  must  have  often  been  indurated  into 
rocks.  Sand,  clay,  marl,  sandstone,  shale  and 
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limestone,  are  therefore  the  fundamental  strata  of 
these  deposits  when  marine  ;  and  when  fresh  water 
strata  succeed,  they  can  be  but  modifications  of  the  same 
substances,  while  the  coal  series  proves  that  all  these 
rocks  are  formed  under  such  water,  as  does  the  tra- 
vertino  of  Italy.  The  sources  of  the  organic  fossils 
are  no  less  obvious- 

But  I  must  not  pass  from  these,  without  inquiring 
into  their  value  in  determining  the  marine  or  other 
nature  of  these  strata,  This  is  especially  necessary; 
as  the  theory,  and  the  mistakes  of  fact,  together,  have 
been  among  the  chief  sources  of  erroneous  judgment  in 
these  cases,  and  will  remain  so  as  long  as  this  engross- 
ing pursuit  shall  occupy  all  the  attention  of  geolo- 
gists, and  this  hypothesis  shall  continue  to  rule.  If 
to  mistake  respecting  a  fish  has  been  sufficent  to  con- 
found the  case  of  Oeningen,  it  is  easy  to  see  what 
more  may  have  happened  and  may  happen  again; 
not  only  in  such  instances,  but  in  the  judgments  re- 
specting alternating  deposits. 

I  do  not  give  catalogues  of  species  and  genera. 
These  concern  zoology,  not  geological  science:  it  is 
a  pursuit  even  more  separated  from  the  latter  than 
mineralogy ;  and  a  geological  system  does  not  encum- 
ber itself  with  catalogues  of  minerals.  I  shall  only 
therefore  name,  among  the  living  genera  of  fresh 
waters,  Lymneus,  Planorbis,  Physa,  Paludina,  Ampul- 
laria,  Cerithium,  Melanopsis,  Melania,  Nerita,  Cyclas 
and  Unio.  Of  these,  Lymneus,  Planorbis,  Physa, 
Paludina,  Cerithium.,  Melanopsis,  Melania,  and  Ne- 
rita, are  found  in  the  fossil  state;  and  Paludina, 
Ampullaria,  Cerithium,  Melania  and  Nerita  are  com- 
mon to  fresh  and  salt  water.  Of  the  shells  called  ex- 
clusively marine,  Modiolus,  Mytilus,  and  Corbula, 
live  in  fresh  water;  and  different  species  of  Anodon, 
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Cyclas,  Unio,  Tellina,  Cardiurn,  and  Venus,  some  be- 
longing to  fresh  and  others  to  salt  water,  are  found 
promiscuously  in  the  gulf  of  Livonia.  Our  own 
muscles  and  oysters,  and  many  more,  thrive  better  in 
fresh  water  than  in  salt;  and  reversely,  many  fresh 
water  shell  fish  can  live  in  salt  water,  as  those  of  salt 
marshes  are  especially  indifferent  on  this  subject. 
Independently  of  all  thfese  as  grounds  of  doubt  re- 
specting such  decisions,  there  is  too  much  uncertainty 
respecting  the  former  states  of  the  globe  and  of  its 
waters,  to  permit  us  to  decide  positively  on  the  nature 
of  a  stratum,  from  its  fossils.  Still  less  can  that  be 
done  by  means  of  two  or  three  species;  nor  are  we 
by  any  means  sure  that  our  anatomical  arrangements 
of  living  species  as  to  this  point,  can  be  extended 
retrospectively.  If  also  we  consider  the  repeated 
changes  of  the  surfaces,  particularly  of  sea  coasts,  the 
contests  between  salt  water  and  fresh  in  aestuaries, 
changes  in  the  character  of  lakes  in  this  respect,  and 
accidental  transportations  of  shells  themselves,  it  is 
plain  that  there  will  always  be  danger  of  error  in 
forming  absolute  rules,  and,  still  more,  in  attempting 
to  judge  from  a  small  number  of  circumstances  or  a 
limited  number  of  species. 

The  difficulty  is  much  increased  where  fossil  species 
are  concerned,  by  the  imperfections  of  their  charac- 
ters. 1'he  minute  parts  on  which  the  distinction  so 
often  depends,  such  as  the  teeth  of  the  hinge  for  ex- 
ample, are  frequently  injured  or  destroyed.  With 
respect  to  tenderness  and  delicacy,  or  the  reverse, 
I  may  quote  De  France  and  Ferussac,  as  opinions 
that  there  are  no  such  general  distinctions  of  character. 
It  is  all  matter  of  experience,  or  of  empiricism;  and 
that  experience  also  is  limited.  Nor  can  we  decide 
that  an  antient  genus  or  species,  now  belonging  to. 
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fresh  water,  might  not  have  been  marine,  or   the  re- 
verse. 

This  same  difficulty  exists  with  regard  to  the  fishes ; 
by  the  remains  of  which  naturalists  have  so  often  pre- 
tended to  decide  on  the  character  of  a  deposit.  As 
the  facts  which  prove  this  are  important,  and  as  they 
are  new  to  geology  at  least,  I  shall  quote  them  from 
my  former  writings.  They  will  show  that  while  many 
fishes  change  their  residence  voluntarily,  others  can 
be  compelled  to  do  so ;  and  that  marine  species  will 
not  only  thrive,  but  breed  in  fresh  waters,  under  com- 
pulsory change. 

That  this  fact  was  known  to  the  Romans,  is  proved 
from  the  writings  of  Columella ;  though  the  species 
of  sea  fish  thus  transferred  to  fresh  water  can  not  be 
fully  ascertained.  This  practice  descended  to  Sicily, 
where  it  is  now  in  use  as  to  the  Mullet  and  Lobster. 
In  nature,  a  certain  number  of  fishes  are  either  migra- 
tory between  fresh  and  salt  water,  or  else  permanently 
indifferent  to  either.  Such  are  the  Sturgeon,  the  com- 
mon and  the  grey  salmon,  the  gwiniad,  smelt,  salmon 
trout,  and  Salmo  migratorius,  together  with  the  Lam- 
prey, stickleback,  Eel,  and  others.  The  Mullet,  con- 
ger, torsk,  sprat,  shad,  cottus  quadricornis,  rockling, 
whiting  pout,  mackerel,  herring,  Delphinus  leucas,  and 
a  few  more,  also  quit  the  sea  for  fresh  water,  either 
for  the  purpose  of  spawning  or  for  other  reasons  ; 
while  the  Cod,  in  Shetland,  is  the  voluntary  inhabitant 
of  a  fresh  water  lake.  Two  or  three  species  of  flounder 
also  abandon  the  sea  to  live  entirely  in  rivers.  In  a 
reverse  manner,  the  pike,  and  eight  species  of  Cypri- 
nns,  which  elsewhere  are  inhabitants  of  fresh  water, 
abide  permanently  in  the  Caspian.  Further,  the 
salmon  trout,  supposed  necessarily  migratory,  and  the 
herring,  purely  a  sea  fish,  reside  permanently  in  fresh 
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water  lakes.  The  process  of  naturalization,  conducted 
under  my  own  directions,  has  moreover  shown  that 
the  Turbot,  sole,  plaice,  mullet,  smelt,  atherine,  horse 
mackerel,  pollock,  loach,  basse,  rock  fish,  whiting 
pout,  rockling,  prawn,  crab,  and  stickleback,  'in ay  be 
habituated  without  difficulty  to  fresh  water ;  while  all 
those  which  have  hitherto  had  time  enough,  have 
bred  and  propagated. 

Such  examples  render  it  probable  that  most,  if  not 
all  fishes,  are  indifferent  to  the  quality  of  the  water, 
provided  they  can  find  food  :  and  when  it  is  considered 
how  many  changes  the  surface  of  the  earth  may  have 
undergone,  it  is  evident  that  no  judgment  respecting 
the  nature  of  a  deposit,  can  be  derived  from  a  pre- 
vious decision  respecting  the  imagined  habits  of  fishes 
as  to  the  quality  of  the  water  in  which  they  may  have 
resided. 

What  is  not  less  important  in  a  geological  view, 
every  species  on  which  this  trial  has  yet  been  made, 
suffers  alternate  changes  from  fresh  water  to  salt  with- 
out inconvenience  ;  having  been  retained  in  a  pond 
where  these  alterations  take  place.  It  is  easy  to  see 
how  these  facts  must  affect  our  decisions  respecting 
the  nature  of  marine  and  fresh  water  deposits  as  far  as 
that  is  to  be  determined  by  the  remains  of  fishes. 
I  need  here  only  add,  that  as  far  as  the  question  of 
respiration  is  concerned,  there  ought  to  be  no  difficulty 
in  the  change  from  salt  water  to  fresh5  since  the  ad- 
hesion of  the  oxygen  is  less  strong  to  the  latter  than 
to  the  former. 

But,  from  the  fact  that  the  Pike  and  the  Cyprini 
prefer  the  Caspian  when  they  might  remain  in  the 
Wolga,  it  is  not  improbable  that  many  or  all  fresh 
water  fish  might  also  endure  the  sea  permanently,  as 
the  Salmon  and  others  do,  interruptedly.  And  though, 


AND    JFRE6H-WATER    FORMATIONS.  331 

in  antient  times,  fishes  had  only  been  migratory,  as 
they  are  at  present,  it  is  plain  that  the  fossil  remains 
of  those  animals  can  never  aid  us  in  deciding  on  the 
character  of  a  stratum.  That  many  of  the  fresh  water 
amphibia  now  frequent  the  sea,  from  choice,  is  known 
respecting  the  alligators  of  Cumana,  and  those  of  the 
Pellew  and  the  Bahama  islands.  In  a  reverse  way,  the 
Turtle  of  the  West  Indies  has  been  taken  alive  in  the 
fresh  water  of  the  Tamar,  whither  it  had  wandered  of 
itself,  after  a  residence  of  unknown  length.  That  it 
will  also  reside  for  a  long  time,  and  continue  to  thrive, 
in  fresh  water,  has  been  proved  in  Kent. 

If  my  own  views  as  to  this  subject  are  now  termi- 
nated, I  presume  that  I  ought  still  to  notice  one  of  the 
theories  that  has  been  entertained  respecting  it ;  as  it 
might  still  possess  an  injurious  weight  if  not  thus  ex- 
amined, though  the  answers  might  easily  be  derived 
from  what  has  been  said.  They  who  speak  of  retreats 
of  the  sea  consequent  on  its  diminution,  are  but  offer- 
ing that  gratuitous  and  untenable  hypothesis  which  so 
long  weighed  down  geology  as  to  the  older  rocks. 
As  far  as  is  necessary,  these  dreams  will  be  examined 
in  a  future  place.  Any  other  retreat  would  only  ex- 
plain the  alluvial  deposits  already  distinguished.  I 
shall  sum  up  this  chapter  with  a  brief  statement  of 
what  I  consider  an  arrangement  for  all  the  strata  later 
than  the  great  marine  series. 

If  no  general  revolutions  have  occurred  since  the 
great  marine  elevation,  the  facts  of  the  last  chapter  prove 
that  there  have  been  great  partial  ones,  dependent  on 
volcanic  actions.  By  these  have  aestuaries,  marine 
basins,  and  fresh  water  lakes,  been  elevated ;  while 
the  volcanic  matter  needs  not  be  present,  since  it  is 
not  always  so  in  the  Coral  islands.  And  these,  being 
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marine,  or  fresh,  or  alternating,  will  form  the  more 
interesting  of  the  tertiary  formations,  separated  from 
the  ocean  and  elevated  above  it. 

Marine  or  fresh  water  lakes  have  been  drained 
or  filled ;  and,  in  this  case  also,  there  may  be  al- 
ternations. Such  completed  deposits  may  have  also 
been  disturbed  by  volcanic  elevations,  thus  associating 
them  to  the  last  division.*  And  this  is  the  second,  and 
only  other  division  of  the  proper  tertiary  strata :  unless 
as  we  subdivide  it  into  marine  and  fresh.  This  division 
also  is  of  any  age,  from  the  most  remote  times  of  the 
emerged  land  to  our  own  day :  but  the  former  is  ex- 
clusively antient. 

These  comprise  the  more  rigid  tertiary  formations. 
But  the  association  between  the  first  class  and  those 
described  in  the  last  chapter  is  intimate,  as  they  may 
not  also  be  often  distinguishable.  In  the  mean  time, 
the  cause  and  the  facts  being  proved  in  this  case,  and 
not  so  clearly  in  the  other,  it  may  be  as  well  for  the 
present  that  they  should  be  kept  separate. 

The  alluvial  aestuaries  of  the  present  ocean,  however 
distant  from  the  sea  now,  must  be  entirely  rejected 
and  referred  to  the  alluvia.  To  distinguish  these, 
there  is  required,  in  practice,  that  geographical  tact 
and  knowledge  which  have  distinguished  leaders  of 
armievS,  but  rarely  geologists.  They  seem  to  have 
forgotten  its  necessity.  In  the  account  of  Glen  Roy, 
I  have  given  a  practical  illustration  of  that  indispen- 
sable necessity  in  the  explanation  of  Geological  ap- 
pearances. 

We  finally  see  how  the  facts  of  the  last  chapter, 
bearing  on  the  present,  explain  the  mysteries  of  the 
last  revolutions  of  the  Earth,  and  that  they  are  but  the 
continuation  of  the  former  actions  on  which  every- 
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thing  depends.  The  mysteries  have  been  created  by 
Geologists  who  had  formed  no  conception  of  such  a 
cause,  and  who  had  never  extended  their  Geology 
beyond  the  upper  strata  and  their  remains  ;  disturbing 
alike  themselves  and  their  readers,  by  vague  notions 
which  they  could  not  even  express,  and  tormenting 
themselves  with  their  own  visions. 
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CHAP.  XVIL 

On  the  Formation  of  Coral  Islands. 

THE  production  of  the  Coral  Islands  of  the  great 
Pacific  ocean,  which  endanger  this  navigation  and 
that  of  the  Indian  Archipelago,  and  are  tending  fast 
to  destroy  that  of  the  Red  sea,  is  a  fact  completely 
distinguished  from  all  other  subjects  of  geological 
investigation.  It  also  forms  a  most  interesting  and 
necessary  branch  of  the  present  inquiries ;  and  it  is 
the  more  indispensable  to  examine  it,  because  it  has 
hitherto  been  unaccountably  neglected  by  geological 
writers.  In  the  case  of  other  submarine  animal 
formations,  the  results  are  limited  to  the  germs  of 
future  and  far  distant  continents,  as  the  works  are 
without  apparent  design.  But  the  operations  of  the 
coral  animals  are  very  different.  By  their  own  efforts, 
assisted  by  some  incidental  causes,  they  build  their 
works  above  the  level  of  the  ocean  during  their  own 
lives;  thus  forming  rocks  and  islands,  without  the 
necessity  of  those  actions  which  have  raised  all  the 
other  submarine  strata  from  below.  In  this  manner 
is  the  habitable  surface  of  the  earth  extended,  and 
new  regions  arise  in  the  ocean.  The  silent  and 
unnoticed  operations  of  the  minutest  animals  of 
Creation,  are  daily  preparing  the  foundations  of 
land,  beneath  it,  destined  to  extend  the  dominion 
of  man  over  a  far  wider  range. 

But  the  volcanic  agencies  which  form  the  subject 
of  a  former  chapter,  are  frequently  found  to  succeed 
to  these;  thus  accelerating  their  results,  elevating 
high  above  the  water  that  which  would  otherwise 
have  for  ever  remained  but  little  raised  beyond  its 
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level,  or  producing,  in  the  course  of  a  few  days  or 
weeks,  what  might  have  required  the  labour  of  cen- 
turies. Geology  therefore  finds  two  distinct  sources 
of  interest  in  the  study  of  these  islands.  If  the  proofs 
which  they  afford  of  elevating  forces,  connected  with 
volcanoes  and  acting  beneath  the  surface  of  the  earth, 
are  valuable,  the  simple  history  of  the  Coral  islands, 
independently  of  this  interference,  is  scarcely  less 
worthy  of  notice.  It  cannot  at  least  be  less  interest- 
ing to  study  the  formation  of  immense  masses  of 
calcareous  rock  by  living  animals,  than  by  the  accu- 
mulation of  the  spoils  of  dead  ones.  It  is,  in  many 
respects,  even  more  so ;  not  less  from  the  illustration 
which  it  affords  relating  to  the  antient  calcareous  rocks 
of  the  globe,  than  from  the  tangible  nature  of  what,  in 
these  analogous  cases,  is  only  matter  of  inference, 
and  from  the  comparative  feebleness  of  the  agents 
concerned  in  the  production  of  these  important 
effects. 

With  respect  to  all  the  organic  fossils,  their  chief 
interest  is  derived  from  the  relations  which  they  bear 
to  the  existing  species,  and  from  the  effects  which 
they  have  on  the  structure  of  the  earth.  We  are  sur- 
prised at  the  immense  accumulation  of  the  shells 
which  form  the  secondary  calcareous  strata,  and  with 
the  enormous  additions  which  the  earth  has  received 
from  the  labours  of  animals,  generating  mountains 
out  of  the  habitations  which  they  had  formed  for 
themselves.  Yet  these  results  rarely  strike  us;  as 
the  very  fact  indeed  has  been  doubted  or  denied.  It 
can  at  least  be  denied  no  longer;  for  it  is  before  us, 
if  under  another  form.  They  do  not  strike  us, 
because  we  see  these  rocks  long  deserted  by  the  sea, 
associated  with  others,  and  without  traces  of  a  living 
origin  except  to  the  eye  of  a  geologist.  We  contemplate 
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the  surface  of  the  earth  as  so  much  rock,  simply;  but 
when  we  see  the  very  work  itself,  and  the  steady  in- 
crease of  the  land  through  the  labours  of  the  coral 
animals,  the  importance  of  this  race  of  beings  becomes 
sensible,  and  we  are  struck  with  the  immense  influence 
which  all  the  hard  marine  tribes  must  have  possessed 
in  the  formation  of  the  present  earth. 

In  the  case  of  shellfishes  also,  we  can  only  infer, 
that  the  present  extensive  masses  of  limestone  have 
been  produced  by  their  labours.  There  is  a  complete 
chasm  between  the  labour  and  its  produce:  but  in  the 
coral  formation,  this  is  rilled  up.  The  labours  of  the 
shell  fishes  are  concealed  by  the  ocean,  never  to  be 
known  to  the  geologists  of  our  own  earth :  the  works 
of  the  coral  animals  attain  the  surface  of  the  sea. 
The  strata  which  they  form  are  at  once  living  and 
fossil;  we  see  them  in  the  act  of  production,  and  the 
mountains  grow  up  to  the  day  before  us,  new  parts 
of  our  own  earth,  not  mere  preparations  for  a  future 
one. 

It  is  sufficient  here,  to  speak  in  the  most  general 
manner  of  a  tribe  of  animals,  for  whose  description, 
works  on  Zoology  must  be  consulted.  In  a  popular 
view,  a  coral  is  a  calcareous  structure,  inhabited  by 
numerous  small  animals,  or  polypi ;  and  each  form 
of  coral  possesses  its  own  species.  Each,  therefore 
forms  a  sort  of  colony  ;  the  inhabitants  of  which  are 
disposed  in  minute  cells,  which  they  construct  them- 
selves, thus  producing  the  general  structure  by  their 
joint  labours,  as  if  all  actuated  by  one  design  and 
one  mind. 

This  is  the  obvious  appearance.  But,  in  reality, 
the  entire  coral  plant  is  one  animal.  A  continuous 
animal  structure  pervades  the  whole  ;  and  the  cal- 
careous matter,  in  whatever  form,  must  be  viewed. 
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as  the  shell ;  being  a  secretion  or  deposition  of  earth  in 
its  substance.  And  though  in  one  sense  this  may  be 
viewed  as  an  original  colony,  all  the  polypi  are  but 
parts  of  one  whole,  as  flowers  are  of  a  plant ;  while 
the  resemblance  would  be  perfect  if  the  flowers 
were  to  produce  the  plant  instead  of  being  produced 
by  it. 

This  analogy,  and  the  general  nature  of  the  corals 
also,  will  be  made  more  intelligible  by  examining  the 
Vorticella,  possessing  an  essential  resemblance  to  the 
coral  polypus  in  everything  else  but  the  production  of 
a  shell.  The  simple  vorticella  swims  at  liberty  ;  re- 
sembling a  flower-bud,  and  consisting  of  a  body  pro- 
vided with  tentacula.  Other  species  are  fixed  by  a 
pedicle  which  restrains  their  motions  within  narrow 
limits.  In  others  again,  two  or  more  are  united  by 
one  stem  ;  and,  at  length,  we  find  highly  ramified 
kinds  in  which  each  branch  is  terminated  by  the  active 
polypus.  In  this  case  also,  each  polypus  is  partially 
independent,  yet  all  depend  on  the  whole  ;  presenting 
a  singular  analogy  to  the  vegetable  identity,  especially 
in  such  cases  as  that  of  Epidendron,  where  the 
leaves  combine  to  produce  and  nourish  the  plant ;  so 
as  to  give  a  sort  of  colour  to  that  gradation  so  often 
sought  by  visionary  naturalists,  between  one  depart- 
ment of  nature  and  the  other.  If  the  corals  differ 
from  the  vorticcllse  in  the  secretion  of  a  stony  mat- 
ter, so  do  they  present  an  analogy  to  the  Chara  and 
the  Coralline,  secreting  a  calcareous  bark,  and  the 
Equisetum,  which  produces  a  siliceous  one.  The 
madrepore  will  serve  to  explain  more  distinctly  the 
mode  in  which  the  calcareous  cell  is  constructed. 
This  polypus  is  surrounded  by  feet,  or  hands,  sur- 
rounding the  body  and  divided  at  the  extremities ; 
each  embracing  a  lamella  of  the  star.  As  in  the 
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Hydra  and  Actinia,  the  tentacula  are  the  organs  of 
feeding. 

The  whole  of  the  species  of  corals  engaged  in  the 
formation  of  the  coral  banks,  are  not  known,  hut  a 
considerable  number  of  genera  and  some  of  the  species 
also  have  been  ascertained.  The  Madreporae  appear 
to  be  among  the  most  numerous  ;  Milleporae,  Tubi- 
porae,  Caryophillese,  Distichoporae,  Corallinae,  and 
many  more  also  abound  ;  while  for  these  I  must  re- 
fer to  the  works  on  this  subject.  Echini,  and  nu- 
merous other  shells  which  reside  on  the  banks,  serve 
to  augment  the  general  mass  of  calcareous  matter. 
Careless  observers  have  mistaken  Holothuriae,  and 
other  soft  worms  for  the  coral  animals. 

It  is  for  geography,  not  for  a  work  of  this  nature, 
to  describe  the  islands  and  rocks  produced  by  the 
Coral  tribes.  It  is  here  sufficient  to  mention  the 
islands  to  the  south  of  the  equator,  between  the  west 
coast  of  America  and  New  Holland,  crowding  the 
whole  of  that  sea,  under  a  rapid  increase,  accompanied 
by  still  more  numerous  rocks,  destined  to  become 
the  seats  of  vegetation,  and  the  habitations  of  man  ; 
and  perhaps,  at  length,  to  form  a  continent  in  the 
Pacific  ocean.  To  these,  abounding  particularly  be- 
tween New  Holland,  New  Caledonia,  and  New  Gui- 
nea, I  may  add  those  of  the  Indian  Archipelago,  in- 
cluding Cosmoledo,  Chagos,  Juan  de  Nova,  Ami- 
rante,  Assumption,  Cocos,  and  the  Maldive  and 
Laccadive  islands. 

When  we  consider  the  feebleness  of  the  means 
and  the  minuteness  of  the  agents,  the  extent  of  these 
reefs  and  islands  is  a  subject  of  equal  curiosity  and 
surprise.  For  these  however,  the  reader  may  con- 
sult the  writings  of  navigators  :  though  it  will  indeed 
be  sufficient  to  cast  an  eye  over  a  map  of  the  Pacific 
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Ocean.      I  may  now  however  name  one  or  two  ex- 
amples.    Among  these,  Tongataboo  is  twenty  leagues 
in  circumference,  and  is  elevated  ten  feet  above  the 
water.     It  would  have   been   desirable  to  know  the 
thickness  of  this  mass  or  bed  of  rock,  but  the  sound- 
ings   have    not  been  given.       These  are,    however, 
known  to  be  deep,    throughout  all  this   sea ;    since 
they  often  exceed  two  and  three  hundred  fathoms :  so 
that  on  any  view  the  whole  constitutes  an  enormous 
bed  of  organic  limestone.      But  the  largest  yet  de- 
scribed is  the  great  reef  on  the  east  coast  of  New 
Holland,  which  extends  in   an  uninterrupted  course 
for  three  hundred  and  fifty  miles  ;    forming,    together 
with  others,  a  nearly  continuous  line  of  one  thousand 
miles  or  more  in  length,    varying  from  twenty  to  fifty 
miles  in  breadth.     To  form  a  just  conception  of  such 
a  production,    we  should  imagine  it  exposed  from  the 
foundation  ;    it  is  a  mountain  ridge  which  will  bear 
comparison  with  many  of  the  larger  tracts  of  terres- 
trial limestone  in  height ;    as  it  far  exceeds  any  that 
are  known,  in  the  extent  of  its  range.     To  him  who 
had  not  known  such  a  production,    viewing  only  the 
coral  itself,  or  the  labourers  in  this  work,    it  would 
be  incredible.       It  would  be  interesting  to  know  the 
height  of  this  ridge  from  the  bottom  ;    and  hereafter 
perhaps,    some  navigator,    informed  of  that  interest 
attached  to  this  subject    which  did  not  exist  in  the 
time  of  Cook,  or  Flinders,    or  even    of   Kotzebue, 
will  enable  us  to  form  some  estimate  respecting  it. 

The  reefs,  which  are  the  germs  of  the  islands,  are 
often  disposed  in  a  circular  manner,  or  in  other 
curved  or  oval  shapes  :  and  I  shall  presently  show 
that  this  disposition  is  one  of  a  singular  ingenuity,  as 
it  respects  the  form  and  character  of  the  future 
island.  In  other  cases,  they  are  simply  grouped,  with- 

Z  2 


340       ON    THE    FORMATION    OF    CORAL    ISLANDS. 

out  apparent  order  ;  though  it  may  he  suspected  that 
there  has  here  been  a  deficiency  of  observation. 
Lastly,  they  are  found  extending  in  long  lines,  more 
or  less  straight,  or  in  rows. 

There  is  some  reason  to  distrust  the  assertions  that 
have  been  made  respecting  the  rapidity  of  their  pro- 
duction. It  is  easy  to  mistake  one  reef  for  another, 
amid  such  crowds,  and  m  seas  so  little  known,  where 
also  there  is  no  guide  but  the  ships'  reckonings  and 
observations.  And  it  is  obviously  an  excuse  for  the 
error  of  a  navigator  or  an  accident  to  a  vessel,  for  a 
bad  reckoning  or  an  incorrect  chart,  to  find  a  new 
rock  where  the  old  one  had  been  forgotten  or  mis- 
placed. If  there  is  one  evidence  of  an  unexpected 
rapidity  of  formation,  given  by  a  recent  navigator, 
who,  after  three  years'  absence,  found  some  parts  of 
a  reef  which  had  scarcely  reached  the  surface  at  his 
former  visit,  clothed  with  vegetation,  it  will  be  im- 
mediately seen  that  the  last  part  of  the  growth  of  a 
reef  does  not  depend  on  the  animals  themselves ;  so 
that  it  proves  nothing. 

There  is  reason  to  believe,  from  a  considerable 
examination  of  the  soundings  in  this  ocean,  that  both 
the  places  of  the  coral  reefs  and  their  peculiar  dispo- 
sitions, are,  very  often,  if  not  always,  determined  by 
the  forms  of  the  bottom  of  the  ocean  where  they  lie, 
and  that  they  are  placed  on  the  submarine  hills  of 
these  seas.  When  disposed  in  straight  or  curved 
lines,  the  windward  side  of  the  structure,  which  is 
exposed  to  the  breach  of  the  sea,  rises  almost  ver- 
tically, like  a  wall,  reaching  the  surface  ;  while,  to 
leeward,  they  shelve  away,  deepening  the  water  in  this 
direction.  It  is  this  windward  abruptness,  in  particular^ 
which  renders  these  rocks  so  dangerous :  since  there 
is  no  warning  through  alterations  of  soundings.  But 
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the  remarkable  fact  is  the  utility  of  this  proceeding  : 
since  the  shelter  produced  to  windward  enables  the 
work  to  go  on  in  the  opposite  direction,  with  com- 
parative facility.  If  the  instinct  of  working  upwards 
to  the  surface  is  remarkable,  this  is  even  more  so : 
while,  in  all  we  trace  the  evident  intention,  in  that 
Power  which  gave  these  instincts,  to  effect  the  very 
ends  that  are  attained. 

Some  peculiarities  occur  in  the  circular  groups, 
which  are  particularly  deserving  of  notice,  from  the 
results  by  which  they  are  followed,  and  to  which  I 
have  already  alluded.  The  first  appearance  consists 
in  a  number  of  detached  rocks  and  islands,  forming 
a  sort  of  chain  ;  while,  in  further  progress,  inter- 
mediate ones  spring  up,  so  as  gradually  to  unite  the 
whole  into  a  continuous  line  or  circular  form.  On 
the  outside  of  this  line,  or  ring,  the  water  is  deep 
and  the  walls  vertical ;  but,  within,  it  shoals  in  dif- 
ferent places,  in  a  sort  of  general  declivity  from  the 
margin.  Thus  it  produces  a  solid  mass,  of  a  shape 
like  that  of  a  plate  or  elevated  basin  ;  being  a  kind 
of  platform  with  a  depressed  centre  within  a  vertical 
wall.  In  the  smaller  circles,  when  this  process  is 
completed,  the  reefs  bear  this  resemblance  to  a  cir- 
cular basin  very  accurately.  And  this  cavity  is,  at 
first,  a  kind  of  salt  lake  ;  becoming  shallower  as  the 
animals,  still  acting  within  it,  prolong  their  works 
upwards.  And  thus  it  gradually  becomes  so  con- 
tracted, that  the  fall  of  rain  is  sufficient  to  freshen 
the  water ;  whence  follow  the  death  of  the  animals 
and  the  cessation  of  their  operations.  Thus  it  re- 
mains a  cavity,  and  becomes  a  lake  ;  forming  a  sup- 
ply of  water  for  future  inhabitants,  under  an  ar- 
rangement no  less  remarkable  for  its  foresight  and 
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contrivance  than   all  else  which    appertain  to  these 
wonderful  structures. 

It  must  now  be  observed,    that  though  the  wind- 
ward side  is  vertical,    it  cannot  become  an  effectual 
protection    against  the  sea,    for  the  leeward    parts, 
without  a  further  set  of  operations   acting  in  aid  of 
the  original  process.      The  real  dam,  or  pier,    under 
the  protection  of  which  «the  whole  mass  extends,  is 
produced  by  the  fragments  of  the  corals.      As  the 
animals  cannot  live  out  of  the  water,    they  cease  to 
grow  whenever  they  have  arrived  at  the  high   water 
mark,    and  the  proper  animal  structure  is  therefore 
terminated  at  that  point,    for  ever ;    but  at  low  water, 
the  reef  is  above  the  sea,    and  thus  becomes  exposed 
to  the  force  of  the  waves,  which  breaks  off  the  upper 
parts  and  washes  them  to  leeward,    where  they  col- 
lect ;    while  the  animals,  on  the  windward  side,  keep 
up  a  constant  supply  of  materials.      In  this  way,  the 
fragments  of  coral,  and  the  sand  produced  by  their 
attrition,  become  a  species  of    alluvium   on  the  sur- 
face of  the  living  coral  rock,    which  is  gradually  ce- 
mented through  the  action  of  the  water  on  carbonat 
of  lime,  so  as  to  produce   a  species   of  oolithic  lime- 
stone, resembling  that  so  well   known  in  the  West 
India  Islands.      Thus  does  the  whole  platform   gra- 
dually become  elevated  above  high  water  mark,  as 
the  outer  dam  had  at  first  been  ;   until  it  forms  a  con- 
tinuous surface,    aided  in  the  regularity  of   its    le- 
velling, for  a  considerable  time,  by  the  breach  of  the 
sea.     And  the  effect  also  of  this  process  is  to  produce 
regular  strata  :    while  fragments  of  these,  being  often 
large  blocks  of  stone,    are  frequently  piled  up  on  the 
outer  ridge,    and   even  further,    so  as   to  add  to  the 
total   elevation,    and    consequently,     to   secure   addi- 
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tional  protection  from  the  sea.  Loose  shells,  breed- 
ing among  the  coral,  and  washed  up  in  the  same 
manner,  add  to  the  general  height  and  solidity  of  the 
fabric.  The  same  process  is  also  going  on  during 
this  time,  in  the  interior  parts,  where  the  projecting 
banks  lie,  so  that  all  these  at  length  extend  and  unite; 
producing,  according  to  the  original  numbers  and 
groupings,  islands  of  various  sizes,  and  often  of  great 
magnitude.  Occasionally,  the  lakes  before  men- 
tioned are  also  filled  up  by  the  growth  and  decom- 
position of  vegetables,  as  in  other  similar  circum- 
stances. 

To  clothe  these  islands  with  soil  and  vegetation  is 
all  that  remains.  This  is  a  more  rapid  process  than 
would  be  expected,  as  I  have  already  remarked.  The 
first  foundation  of  it  is  laid  in  the  sand  produced  by 
the  destruction  of  the  corals ;  and  as  sea  plants  take 
root  and  grow  upon  it,  this  becomes  a  vegetable  soil. 
Sea  birds  of  various  kinds  then  find  a  residence,  con- 
tinuing to  add  to  this  soil ;  and  at  length  the  floating 
seeds  of  various  plants  are  arrested,  when  a  terres- 
trial vegetable  covering  succeeds.  Hernandia,  Mo- 
rinda,  Cerbera,  Scsevola,  Pandanus,  are  among  these 
plants,  the  natives  of  all  the  islands  of  this  sea. 

Such  are  the  uninhabited  islands,  for  the  process  is 
now  completed.  How  man  finds  his  way  at  length,  I 
need  not  say ;  and  how  he  has  filled  many  of  these 
islands,  is  well  known. 

But  far  more  is  yet  wanting  to  explain  the  present 
state  of  many  of  these  islands ;  and  here  commences 
a  new  source  of  geological  interest,  of  a  very  different 
nature.  It  is  plain  that  under  this  mode  of  construc- 
tion, they  can  have  no  great  elevation ;  and  accordingly, 
the  flat  ones  are  scarcely  raised  more  than  five  or  six 


344        ON    THE    FORMATION    OF    CORAL    ISLANDS. 

feet  above  the  level  of  high-water  mark.  But  as 
many  of  them  are  far  higher,  we  must  resort  to  some 
other  principle  for  effecting  this  purpose.  And  this 
is  the  action  of  a  subterraneous  elevating  force.  How 
this,  and  its  effects,  have  been  overlooked  by  all  the 
scientific  navigators  among  these  islands,  it  is  not  for 
me  to  explain :  how  geologists  in  particular  have 
neglected  that  which  offers  more  demonstrable  and 
tangible  assistance  in  explaining  all  the  revolutions  of 
the  earth,  than  any  thing  which  exists,  they  must 
themselves  say;  but  how  it  is  connected  with  these, 
and,  more  immediately,  with  the  elevations  of  Italy, 
it  is  my  business  to  show. 

I  have  already  said  that  Tongataboo  is  ten  feet 
above  the  high-water  mark  ;  and  even  this  is  a  greater 
elevation  than  can  be  produced  by  the  action  of  the 
sea ;  supposing  too  that  all  the  surface  consisted  of 
fragments,  and  not  of  perfect  corals,  unable  to  rise  a 
single  inch  above  the  highest  level  of  the  water.  But 
in  many  of  these  islands,  the  corals,  with  all  their 
characters  perfect,  are  found  at  elevations  many  hun- 
dred feet  above  this.  I  need  not  say  that  the  ocean 
could  not  have  been  depressed  by  this  quantity,  or 
could  not  have  stood  so  much  higher  than  it  does  at 
present.  To  suppose  this,  is  for  those  who  dispose  of 
oceans  at  their  pleasure.  The  island  itself  must  have 
therefore  been  elevated.  But  independently  of  this 
reasoning,  there  are  sufficient  proofs  of  such  elevation 
visible.  And  the  causes  to  which  this  is  owing,  are 
easily  traced,  however  they  may  have  been  neglected. 
They  have  acted  on  the  bottom  of  the  ocean,  so  as  to 
have  effected  the  changes  necessary  for  the  production 
of  these  results  ;  and  they  have  consisted  in  volcanic 
powers.  In  many  places,  there  is  no  difficulty  in 
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discovering  the  very  fact,  or  the  cause  ;  but  the  follow- 
ing islands  afford  the  most  convenient  and  satisfactory 
proofs. 

If  I  take  the  Tonga  islands  as  a  convenient  case  for 
this  illustration,  Tongataboo  and  Eeooa  form  the  first 
Jink  in  this  chain  ;  and  it  is  one  which  is  peculiarly 
valuable,  from  the  great  differences  between  the  forms 
of  these  two  tracts  of  coral  land  under  such  a  proxi- 
mity. Eeooa,  distant  from  the  former  only  twenty 
miles,  consists  of  a  hill  of  considerable  elevation, 
though  that  height  is  not  given.  But  for  the  present 
purpose,  this  omission  is  not  of  any  moment;  it  is 
sufficient  that  it  displays  coral  three  hundred  feet 
and  more  above  the  level  of  the  sea,  indicating,  in  the 
most  demonstrative  manner,  the  former  existence  of  a 
force  which  must  have  raised  it  to  that  height.  It  is 
also  probable,  from  the  proximity  of  these  two  islands, 
that  both  were  raised  at  the  same  time,  and  by  the 
same  force ;  the  chief  power  having  been  exerted 
under  Eeooa,  while  the  lower  island  of  Tongataboo 
was  raised  to  a  height,  comparatively  so  inconsider- 
able, because  it  lay  on  the  boundary  of  the  elevating 
power.  There  is  no  other  cause  adequate  to  the 
production  of  these  effects ;  as,  of  the  effects  of  such 
causes,  I  have  given  ample  proof  in  a  former  chapter: 
and  it  must  be  superfluous  to  say  that  if  such  a  power 
produced  the  greatest  of  these  effects,  it  is  also  capable 
of  accounting  for  the  least  of  them. 

It  is  true  that  there  is  no  volcano  actually  existing 
in  Eeooa ;  but  if  it  can  be  shown  that  this  force  has 
exerted  its  action  in  a  manner  so  demonstrable  that  it 
has  actually  erupted  volcanic  matter,  or  if  there  are 
volcanoes  now  in  existence  in  the  same  seas,  and  with 
the  same  consequences,  even  to  the  existence  of  coral 
high  on  the  sides  of  the  mountains,  the  inference  is 
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perfect ;  while  the  least  degree  of  elevation,  as  now 
described,  is  precisely  what  happens  where  earthquakes 
attend  the  eruptions  of  volcanoes,  situated  often  at 
considerable  distances. 

It  is  possible  that  the  volcanic  power  may,  in  the 
particular  case  above  named,  have  been  exerted  under 
Eeooa  itself:  the  nature  of  the  summit  of  the  hill  is 
not  described  by  Cook»or  by  Mariner,  as  both  have 
neglected  to  notice  volcanic  rocks  now  known  to 
exist.  But  whether  this  be  the  case  or  not,  the 
presence  of  a  volcano  in  this  group  is  established. 
Toofooa  contains  one  which  is  always  burning,  at  a 
distance  of  only  seventy  miles  from  Tongataboo.  And 
as  the  small  island  Kao,  about  three  miles  from  Too- 
fooa, is  a  cone ;  it  is  probably  of  the  same  nature. 

It  is  indeed  plain  that  a  volcanic  force  has  been 
exerted  very  extensively  in  this  part  of  the  Pacific 
Ocean.  Of  the  Friendly  Isles,  of  Cook's  arrangement, 
thirty-five  are  hilly;  and  so  are  Otaheite,  Bolabola 
and  Eimeo.  Though  he  has  not  mentioned  volcanic 
rocks,  they  occur  in  many  places:  there  are  three 
burning  volcanoes  in  the  Friendly  Isles:  and  Eap, 
which  lies  to  the  west  of  the  Caroline  Islands,  is  a  seat 
of  volcanic  force.  According  to  Kotzebue,  earth- 
quakes are  here  frequent  and  violent.  When  Ulea 
trembles,  all  the  Coral  reefs  in  the  vicinity  are  shaken. 
In  the  North  Pacific  also,  coral  is  found  on  Owhyhee, 
far  above  the  sea ;  and  in  this  island,  Mouna  Roa  is 
a  volcano,  as  all  the  rest  of  this  lofty  mountainous 
group  is  formed  of  volcanic  rocks. 

These  facts  complete  the  chain  of  evidence  in  a 
manner  so  satisfactory,  that  it  is  unnecessary  to  enlarge 
on  it.  But  the  elevation  of  volcanic  islands  in  other 
seas  illustrates  and  confirms  these  reasonings,  as  does 
the  history  of  the  Italian  alluvia,  which,  itself,  receives 
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illustration  from  what  has  now  been  described.  In 
the  same  way,  the  changes  in  the  level  of  the  land  ad- 
joining to  many  well-known  terrestrial  volcanoes  which 
have  been  accompanied  by  earthquakes,  serve  to  esta- 
blish the  truth  of  this  explanation  ;  could  any  further 
confirmation  of  a  truth  so  obvious  be  required. 

In  terminating  these  remarks  on  the  Coral  islands, 
it  will  not  be  uninteresting  to  observe  that  analogous 
appearances  occur  in  the  volcanic  islands  of  the  African 
coast,  and  elsewhere.  Secondary  limestones  are  found 
lying  upon  the  rocks  which  are  the  produce  of  fire, 
containing  marine  remains,  yet  elevated  above  the 
surface  of  the  ocean.  If  the  elevation  of  these  strata, 
abstractedly  considered,  should  be  thought  to  prove 
nothing  more  than  what  may  be  inferred  from  the 
analogous  appearances  all  over  the  world,  it  must  be 
recollected  that  there  is  here  present,  not  only  an 
obvious  and  active  cause  sufficient  to  raise  them  from 
the  bottom  of  the  sea,  but  that  the  actual  exertion  of 
that  power  in  analogous  cases,  is  proved  by  the  phe- 
nomena of  the  islands  now  described.  Owing  to  a 
higher  relative  antiquity,  or  other  causes,  there  may 
be  differences  in  the  results,  or  in  the  present  appear- 
ances ;  but  the  strength  of  the  general  argument 
derived  from  them  remains  undiminished.  The  Ber- 
muda islands,  as  far  as  their  structure  can  be  inferred 
from  the  descriptions  of  persons,  not  geologists,  pre- 
sent confirmation  still  more  complete.  They  are 
formed  of  "  coral  rock  and  limestone  containing 
shells ;"  and  the  former,  or  the  corals,  are  found  at 
the  higher  elevations,  the  greatest  altitude  of  the  land 
itself  being  estimated  at  three  hundred  feet. 

Since  these  observations  were  originally  published, 
they  have  been  confirmed  by  Moreau  de  Jones,  in  the 
West  Indian  islands.  The  facts  there  visible  prove 
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that  the  calcareous  strata  have  been  elevated  by  the 
volcanoes  of  those  islands  ;  which  have  also,  in  some 
parts,  broken  through  them,  while,  in  others,  the 
volcanic  matter  is  still  covered  and  concealed  by  the 
limestone,  which  thus  forms  the  surface  of  that  hill,  of 
which  the  interior  is  an  igneous  rock.  It  is  an  unex- 
pected confirmation  of  these  general  views,  and  inde- 
pendent of  all  geology  or  theory,  to  find  the  same 
belief  among  the  people  of  Banda  ;  who,  according  to 
Reinwardt,  assert  that  their  island  is  still,  visibly, 
rising. 

There  remains  a  chemical  question  respecting  the 
generation  of  coral  islands,  which  is  extremely  obscure, 
while  it  bears  equally  on  the  formation  of  the  ordinary 
stratified  limestones.  This  is  the  production  of  the 
Lime  :  but  chemistry  has,  hitherto,  not  a  rational 
suggestion  to  offer.  The  fact  of  which  we  are  sure, 
is,  that  the  carbonat  of  lime  is  formed  by  animals,  in 
whatever  manner.  And  if  the  great  masses  of  coral 
rock  thus  described  be  estimated,  it  will  be  seen  that 
they  are  equivalent  to  some  of  the  largest  deposits  of 
secondary  limestone  existing.  That  the  secondary 
limestones  have  been  produced  by  the  animals  whose 
shells  are  still  imbedded  in  them,  is  far  therefore  from 
being  so  unreasonable  an  opinion  as  it  has  sometimes 
been  considered.  It  is  not  compulsory  to  believe  that 
all  limestones  have  originated  in  the  same  sources ; 
but  when  we  recollect  that  these  rocks  abound  among 
the  secondary  strata,  while  they  are  comparatively 
rare  among  the  primary,  diminishing  in  quantity  in 
proportion  as  we  recede  from  those  periods  in  which 
the  earth  was  most  fully  inhabited,  we  contemplate  a 
fact  which  confirms  the  deduction  that  may  be  drawn 
from  the  appearances  now  described. 
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CHAP.    XVIII. 

On    Volcanoes  and  Earthquakes. 

THE  history  of  Volcanoes  forms  one  of  the  most 
popular  and  the  most  interesting  branches  of  Geo- 
logy. If  the  splendour  and  the  consequences  of 
their  eruptions  attract  the  ordinary  spectator,  the 
Geologist  finds,  in  their  phenomena,  difficulties  which 
it  is  his  duty  to  explain,  and  analogies  widely  con- 
nected with  other  departments  of  his  pursuit.  While 
they  are  the  great  sources  of  the  rocks  that  are  formed 
in  our  own  times,  they  throw  light  on  the  history 
of  the  imstratified  substances  :  in  the  power  by  which 
they  elevate  and  derange  the  surface  of  the  earth, 
they  afford  a  clue  to  the  nature  of  the  far  greater 
changes  which  it  has  formerly  undergone :  and,  in 
reflecting  on  their  seats  and  causes,  we  are  led  to 
form  conjectures  respecting  the  interior  parts  of  the 
globe. 

If,  in  history  as  in  nature,  we  find  the  memorials 
of  countries  destroyed,  of  mountains  formed  and  de- 
molished, of  cities  overwhelmed,  of  rivers  that  have 
changed  their  courses,  of  lakes  swallowed  up,  or 
generated,  so,  in  compensation  of  all  this  evil,  the 
land  is  raised  above  the  level  of  the  waters  and  new 
islands  emerge  from  the  ocean.  The  most  delightful 
parts  of  Italy  have  suffered  from  volcanic  fires ;  the 
history  of  the  Subapennine  hills  even  proves  that 
vast  tracts  of  this  country  have  been  raised  into  ex- 
istence by  their  power.  And,  however  terrific  may 
be  the  phenomena  of  volcanoes,  they  are  less  inte- 
resting than  these  records  of  antient  eruptions  ;  which 
connect  the  present  appearances  with  others,  of  a  far 
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more  distant  origin,  explanatory  of  the  still   anterior 
revolutions  of  the  Earth. 

As  might  be  expected,  few  subjects  have  produced 
more  writers.  But  we  search  in  vain  through  the 
great  mass  of  their  works,  for  useful  or  scientific  in- 
formation. Even  the  scientific  investigators,  anxious 
to  maintain  some  favourite  theory,  and  educated  in 
prejudices  respecting  tftose  rocks  in  nature  which  hear 
the  greatest  analogy  to  volcanic  products,  have  rarely 
done  justice  to  a  subject,  of  which  the  principal  ob- 
scurity will  probably  be  found  to  arise  from  their  own 
peculiar  views. 

Of  the  Geography  of  Volcanoes. 

However  numerous  the  existing  volcanoes  may  be, 
their  extent  and  numbers  have  once  been  far  more 
considerable ;  as  is  proved  by  the  extinct  remains 
found  in  many  parts  of  the  world.  The  great  age  of 
some  of  those  has  been  inferred  from  their  rocks 
being,  in  some  places,  covered  by  strata  of  secondary 
limestone.  But  the  nature  of  this  fact  has  been  mis- 
taken ;  as  these  strata  have  been  formed  beneath  the 
sea,  and  elevated  by  the  volcanic  power.  It  is  the 
very  case  described  in  the  last  chapter.  Such  vol- 
canic rocks  are  therefore  not  necessarily  older  than 
the  traps,  because  they  are  beneath  the  strata  while 
the  latter  are  above  them.  On  the  contrary,  the  re- 
verse may  be  inferred ;  as  time  has  carried  away 
those  strata  which  have  unquestionably  covered  the 
trap  rocks  in  many  places,  while  those  which  thus 
lie  on  the  volcanic  products,  remain.  If  geology 
could  be  proved  to  have  reasoned  worse  on  one  sub- 
ject than  another,  it  has  been  on  this  one.  There 
are  doubtless  many  differences  of  age  among  extinct 


ON    VOLCANOES    AND    EARTHQUAKES.  351 

volcanoes :  but  it  is  difficult,  for  want  of  explanatory 
facts,  even  to  approximate  to  the  period  of  their  ex- 
istence or  extinction,  far  less  to  determine  their  ab- 
solute or  relative  ages.  This  difficulty  is  materially 
increased  by  the  difficulty  of  distinguishing  between 
the  traps  and  the  volcanic  products,  where  the  traces 
of  volcanic  action  have  disappeared.  Where  these 
eruptions  have  been  submarine,  the  difficulty  is  in- 
superable ;  as  both  classes  of  rock  are  then  under  the 
same  circumstances,  and  are,  in  truth,  identical. 
These  are  the  difficulties  which  yet  beset  the  long 
agitated  question  of  the  Euganean  hills  and  the  Vi- 
varais  ;  and  which  will  be  found  to  exist  in  many 
other  cases.  With  respect  to  Italy,  it  is  certain  that 
many  of  the  volcanic  appearances  are  prior  to  that 
remote  period  when  Europe  was  inhabited  by  races 
of  animals  long  since  extinct  in  this  continent.  In 
other  cases,  history  offers  some  aid  ;  recording  the 
activity  of  many  which  have  been  long  dormant.  The 
Scriptural  record  of  the  destruction  of  the  cities  on 
the  Dead  Sea,  is  the  last  information  which  we  possess 
of  the  former  activity  of  that  volcanic  district. 

The  extinct  volcanoes  of  Auvergne  are  among  those 
which  have  most  excited  the  attention  of  Geologists, 
from  the  peculiarity  of  their  positions  and  appear- 
ances. In  Italy,  the  traces  of  this  nature  are  innu- 
merable ;  sixty  extinct  craters  being  reckoned  by 
Breislak  between  Naples  and  Cumse.  Many  other 
parts  of  this  country,  and  of  Sicily,  present  the  same 
records;  which  occur  also  in  the  Lipari  isles,  in  Elba, 
Sardinia,  Ischia,  Procida ;  as  well  as  in  Lemnos  and 
other  parts  of  the  Greek  Archipelago.  St.  Helena, 
the  Azores,  the  Cape  de  Verde  islands,  and  Madeira, 
present  similar  appearances,  as  do  Java  and  other 
islands  of  the  eastern  seas.  Iceland  is  one  entire 
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volcanic  mass,  of  which  a  very  small  portion  is  now 
in  a  state  of  activity.  In  Peru,  there  are  abundant 
traces  of  the  same  nature;  but  I  need  not  enumerate 
here  all  which  have  been  recorded. 

The  volcanoes  now  in  a  state  of  activity,  are  often 
found  in  the  same  districts  or  places  as  those  which 
have  been  long  extinct ;  indicating  the  existence  of  a 
permanent  cause,  and  3.  tendency  to  the  repetition  of 
the  same  phenomena  after  long  intervals  of  repose. 
Those  of  Europe  are  limited  to  Iceland,  and  to  the 
Italian  volcanoes ;  too  well  known  to  require  enu- 
meration. In  Asia,  there  is  one  extensive  volcanic- 
tract  ;  twenty  being  enumerated  in  Kamtschatka,  of 
which  five  at  least,  if  not  seven,  are  of  great  di- 
mensions ;  the  whole  appearing  to  be  connected  with 
those  of  the  Kurile  islands,  which  amount  to  nine. 
In  central  Tartary  there  are  two  or  more,  among 
which  Tourfan  is  conspicuous ;  and  there  are  some 
in  China  which  are  yet  unknown  to  us.  Kaempfer  has 
counted  eighteen  in  Japan  and  the  adjoining  isles  ; 
and  there  are  nine  in  the  Ladrones,  with  many  in  the 
Philippines;  the  principal  island,  Luzon,  containing 
three.  The  Molucca  islands  also  abound  in  them,  as 
do  Sumatra  and  Java;  the  latter,  according  to  Raffles, 
possessing  forty-eight.  Many  others  occur  also  in 
the  adjacent  islands. 

Among  African  volcanoes,  there  are  said  to  be 
forty-two  active  or  dormant  in  the  Azores.  In  the 
Canary  islands,  that  of  Teneriffe  is  particularly  noted; 
and  in  the  Cape  de  Verde,  Fuego  is  active,  as  are 
those  of  Ascension  and  Bourbon  ;  but  the  interior  of 
that  vast  continent  is  nearly  unknown  to  us.  The 
occurrence  of  obsidian  in  great  abundance  on  the 
shores  of  Arabia,  must  be  taken  as  an  indication  of 
unknown  volcanoes  in  that  countrv. 


ON    VOLCANOES    AND    EARTHQUAKES.  353 

Those  of  America  are  among  the  most  celebrated. 
On  the  North-west  coast,  three  were  observed  by 
Captain  Cook  ;  and  others  exist  on  various  parts  of 
the  coast  between  Alaska  and  California,  in  which 
last  district  there  are  five.  Along  the  Cordilleras  of 
Spanish  America,  they  are  found  dispersed  and  inter- 
mixed with  extinct  ones,  from  the  Tropic  of  Cancer 
to  Terra  del  Fuego  :  and  among  the  latter,  Chimbo- 
raco  is  noted  for  its  great  elevation.  Here,  they  seem 
to  extend  in  rows  nearly  north  and  south  ;  but,  in 
Quito,  they  diverge  from  that  line,  being  spread  over 
a  space  of  seven  hundred  square  leagues.  The  Cor- 
dillera is  also  intersected  in  the  latitude  of  19°  by  an 
east  and  west  range  of  them,  containing  the  recent 
volcano  of  Jorullo.  The  chain  of  islands  which  ex- 
tends from  Alaska,  contains  seven  in  a  state  of  ac- 
tivity, and  they  are  also  found  in  the  Gallipagos.  In 
the  West  India  Islands,  St.  Christopher,  St.  Vincent, 
Guadaloupe,  and  Nevis,  are  still  active,  and  many 
extinguished  ones  are  also  found.  I  have  but  just 
noticed  those  found  in  the  Pacific  ocean,  and  may 
refer  to  Arago  for  a  more  particular  enumeration  than 
would  be  admissible  here ;  but  the  total  number  of 
active  ones  known,  amounts  to  nearly  two  hundred, 
of  which  one  half  belong  to  the  American  continent. 

Of  the  general  Characters  and  geological  Connexions 
of  Volcanoes. 

The  forms  of  volcanic  mountains  are  peculiar. 
They  are  generally  lofty,  and,  when  solitary,  of  a 
conical  form  ;  being  also  more  or  less  truncated  at 
the  summits.  When  active,  or  but  recently  ex- 
tinguished, that  truncation  is  accompanied  by  an 
irregular  cavity,  which  forms  the  crater.  In  Vesu- 
vius, and  in  other  Italian  volcanoes,  the  crater  is  a 
VOL.  i.  A  A 
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very  remarkable  feature.  It  is  easy  to  understand 
the  cause  of  these  forms  ;  the  conoidal  shape,  like 
the  crater,  being  the  consequence  of  successive  erup- 
tions from  the  summit.  Hence,  also,  volcanic  moun- 
tains change  their  shapes  ;  while  the  edges  of  the 
craters  or  the  summits  of  the  cones  are  often  demo- 
lished, and  again,  sometimes  replaced  by  new  ones : 
and  thus  too,  eruptions  at  the  sides  produce  sub- 
sidiary mountains  with  craters  of  their  own,  which 
modify  the  form  of  the  principal  mass.  These  se- 
veral events  have  occurred  in  -ZEtna,  in  Vesuvius, 
and  in  Vulcano.  In  America,  they  present  a  great 
diversity  of  forms.  But  the  Moon  will  convey  the 
most  tangible  idea  of  many  of  these  varieties ;  since 
every  thing  is  here  displayed  as  in  a  model,  and  often 
in  a  very  explicit  manner. 

The  accurate  form  of  a  perfect  crater  is  that  of  an 
inverted  conoid  ;  and,  on  Cotopaxi  and  Teneriffe, 
they  are  surrounded  by  walls  of  lava.  The  bottom 
of  the  crater  is  generally  irregular ;  being  sometimes 
a  plain,  of  greater  or  less  extent,  containing  small 
irregular  cones,  among  which,  during  periods  of 
comparative  repose,  various  volatile  matters  are  dis- 
charged. Thus  the  present  cone  of  Vesuvius  appears 
a  new  production,  raised  within  a  more  antient  cra- 
ter, of  which  Somma  is  a  remaining  portion.  The 
size  of  the  Crater  rarely  bears  any  proportion  to  that 
of  the  mountain  :  in  Vulcano  it  is  very  large,  in  Te- 
neriffe small ;  as  it  is  in  many  of  the  volcanic  moun- 
tains of  the  Andes,  although  that  of  Cotopaxi  is  of 
great  size.  The  depth  varies  after  every  eruption  ; 
and,  in  Vesuvius,  these  changes  are  frequent,  though 
the  crater  of  Teneriffe  has  for  a  long  time  appeared 
very  constant.  In  some  eruptions,  a  volcanic  cone 
has  suddenly  disappeared,  leaving  a  lake  in  its  place ; 
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£he  origin,  it  appears,  of  the  lakes  of  Averno  and 
Agnano.  That  the  ground  is  cavernous  beneath  the 
craters  of  volcanoes,  is  proved  by  their  sound,  and 
by  the  vapours  which  they  emit ;  appearances  re- 
markable at  Vulcano  and  in  the  Solfatara ;  the  latter 
being  a  tract  which  has  maintained  its  character  un- 
varied since  a  period  anterior  to  Roman  history, 
giving  rise  to  some  of  the  well-known  mythological 
fables  of  the  antients. 

In  Europe  and  in  Asia,  those  volcanoes  which  are 
well  known,  appear  to  be  detached,  whatever  un- 
known communications  they  may  possess  beneath ; 
but  in  America,  they  are  sometimes  arranged  in  rows, 
as  in  Chili  and  Guatimala.  Antisan  and  Pichinca  in 
Peru,  are  prolonged  ridges.  This  fact  has  given  rise 
to  some  speculations  on  the  seat  of  the  fire,  which 
will  come  under  review  hereafter. 

The  peculiar  position  of  marine  volcanoes  renders 
it  necessary  to  record  a  few  of  the  appearances  which 
they  present.  In  1707,  near  St.  Erini  in  the  Greek 
Archipelago,  a  volcanic  island  was  formed,  which,  in 
less  than  a  year,  attained  a  circumference  of  five  miles, 
with  an  altitude  of  forty  feet.  A  similar  one  of 
smaller  dimensions  was  also  produced  in  the  same 
place.  In  the  same  manner,  islands  have  been  gene- 
rated near  Iceland  and  the  Azores,  at  different  periods ; 
and  it  is  not  long  since  a  small  spot  was  thrown  up 
among  the  latter ;  shortly  after  washed  away,  from 
having  been  formed  of  loose  materials.  In  the  Pa- 
cific ocean,  these  events  have  frequently  happened; 
and  though  the  islands  thus  produced  are  sometimes 
low,  they  occasionally  attain  a  considerable  altitude, 
as  is  the  case  with  Ascension.  But  I  may  refer  to 
the  accurate  work  of  Von  Hoff  for  numerous  details 
on  this  subject. 
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The  geological  connexions  of  volcanoes  have  not 
often  been  clearly  ascertained,    nor  perhaps  are  they 
of  much  moment.     If  the  seat  of  the  fire  is  as  deep 
as  the  phenomena  would  indicate.,    their  appearance 
and  place  can  have  no  necessary  connexion   with  any 
of  the  rocks  at  the  surface;  since  they  must   break 
out    through    whatever  obstacles   happen  to  oppose 
them.      It  is  generally   difficult  to  make   the  obser- 
vations, because  the  surrounding  rocks  are,    in  most 
cases,  covered  by  the  produce   of  their  eruptions,  so 
as  to  be  rendered   invisible.      Hence   volcanic  rocks 
alone  are  to  be  found  in  the  neighbourhood.       Those 
of  Spanish  America  are  often  indeed  situated  among 
traps  and  porphyries  ;  but  there  can  be  no  doubt  that 
these  are  volcanic  products,  ejected  under  a  degree 
of  pressure  which   has   prevented  the  disengagement 
of  the  aeriform  matters.      If  they  could  be  proved  to 
be  trap  rocks,   formed  therefore  before  the  emergence 
of  the  present  strata,  or  at  that  time,  they  would  esta- 
blish the    identity    between    trap  and    volcanic    pro- 
ducts,  and  also  prove  that  the  seat,  as  well  as  the 
origin  of   both,  was  the  same  ;    thus  explaining  the 
tendency  of  the  trap  rocks  to  recur  more  than  once 
in  the  same  place,  and  further,  the  limited  and  local 
nature  of  these  productions.     As  these  porphyries  are 
connected  with  gneiss  and  micaceous  schist,  their  vol- 
canic origin  is  the  more  probable ;  for,  with  occasional 
exceptions  sufficiently  intelligible,  the  trap  rocks   are 
in  contact  with  secondary  strata. 

In  Auvergne,  the  volcanic  matter  has  issued 
through  granite ;  whence  the  lavas  of  that  country 
repose  immediately  on  this  rock.  In  the  African 
islands,  the  volcanoes  appear  to  have  elevated 
themselves  from  beneath  the  secondary  strata ; 
carrying  up  with  them  the  calcareous  beds  now 
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found  in  those  islands ;  and,  in  the  Pacific,  I  have 
already  shown  that  they  have  brought  up  from  the 
deep,  the  much  more  recent  coral  rocks.  Where 
the  original  rocks  cannot  actually  be  discovered  in 
their  places,  they  are  sometimes  inferred  from  ob- 
serving the  unmelted  matters  ejected  during  erup- 
tions ;  and  thus  it  is  inferred,  that  granite,  micaceous 
schist,  and  primary  limestone,  lie  beneath  the  present 
materials  of  Vesuvius. 

On  the  Action  of  Volcanoes. 

The  action  of  Volcanoes  is  generally  periodical  or 
intermitting.  Yet  Stromboli  is  not  only  now  in  a 
state  of  constant  activity,  but  is  known  to  have  been 
so  since  the  year  292  before  the  Christian  aera.  Jo- 
rullo  has  also  continued  to  flame  ever  since  it  first 
broke  out.  Vesuvius  has  been  known  to  remain  in- 
active for  centuries.  JEtna  and  Teneriffe  have  also 
intermitted  for  a  century  together  ;  and  Vulcano  was 
free  of  eruptions  for  eleven  hundred  years. 

The  appearances  which  attend  eruptions  are  various, 
and,  in  some  points,  instructive ;  but  as  I  can  only 
give  a  meagre  sketch,  I  must  refer  to  the  endless 
descriptions  of  authors.  As  the  consequences  are  no 
less  terrific  than  picturesque,  they  have  not  only  led 
to  highly  coloured  descriptions,  but  have  misled  and 
dazzled  those  whose  minds  were  not  steadily  bent  on 
realities. 

The  most  simple  and  precise  account  is  that  given 
of  Stromboli  by  Spallanzani.  The  crater  of  this  vol- 
cano always  contains  melted  lava,  in  constant  motion. 
On  a  sudden  it  becomes  raised  to  a  higher  level,  and 
when  it  arrives  near  the  edge  of  the  basin,  a  sound 
resembling  thunder  is  heard,  and  a  portion  of  the  lava 
is  thrown  up  into  the  air,  accompanied  by  dust  and 
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smoke.  Large  bubbles  appear  and  burst  at  the  mo- 
ment of  tbe  explosion,  after  which  the  lava  sinks 
again  to  its  former  place ;  these  appearances  being 
repeated  incessantly  at  short  intervals. 

In  the  intermittent  volcanoes,  the  phenomena  vary, 
and  are  more  or  less  violent.  The  eruptions  of  Ve- 
suvius and  -ZEtna  have  been  most  studied,  and  have 
been  the  subjects  of  nurnerous  interesting  narratives, 
from  the  time  of  Pliny  to  our  own  days.  In  general, 
the  first  appearance  of  an  eruption  consists  in  a 
column  of  smoke,  rising  to  a  great  height  in  the 
atmosphere,  and  then  spreading  out  in  a  form  com- 
pared by  Pliny  to  that  of  a  pine  tree.  This  is  fol- 
lowed by  explosions,  by  trembling  of  the  earth,  and 
often,  by  decided  earthquakes.  Flame  is  then  seen 
to  issue  from  the  crater,  attended  by  red  hot  stones, 
which  are  often  thrown  high  into  the  air ;  producing 
those  brilliant  effects  which  have  so  often  been  de- 
scribed. Lastly,  the  melted  lava,  rising  to  the  edge 
of  the  crater,  flows  over  it,  or,  in  some  cases,  breaks 
out  at  a  fissure  formed  in  the  side  of  the  mountain. 
These  currents  are  often  very  extensive  ;  reaching  to 
many  miles  in  length  and  breadth,  and  flowing  on 
with  a  constantly  diminishing  rapidity,  for  many 
months  ;  the  issue  of  the  lava  from  the  opening  con- 
tinuing for  an  indefinite  period.  The  eruption  of  the 
lava  is  often  followed  by  small  fragments  of  rock, 
commonly  called  ashes  ;  being  the  same  substances 
which  constitute  the  black  smoke,  and  which,  in  the 
shape  of  fine  dust,  are  often  carried  by  the  winds  to 
enormous  distances.  Globular  masses  of  lava  also 
fall  with  it ;  appearing  to  have  been  projected  in  a 
fluid  state,  and  to  have  been  consolidated  in  the  at- 
mosphere. 

During  the  emission  of  the   dark   smoke,  electrical 
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matter  is  produced,  appearing  in  vivid  and  frequent 
flashes  of  lightning,  and  adding  much  to  the  splen- 
dour of  the  scene.  At  the  same  time,  sulphureous 
gas  is  generated  hy  the  combustion  of  sulphur  ;  and, 
in  some  eruptions,  white  smoke,  apparently  the 
steam  of  water,  is  produced  in  considerable  quan- 
tities. 

The  appearances  now  described  are  drawn  chiefly 
from  the  eruptions  of  Vesuvius,  of  which  more  than 
thirty  have  been  recorded  since  the  reign  of  Titus. 
By  these,  Pompeii  and  Herculaneum  were  over- 
whelmed, preserving  invaluable  records  of  Roman 
times  and  manners  ;  and,  by  one  of  them,  Monte  Nuo- 
vo,  three  miles  in  circumference,  was  thrown  up  in 
forty-eight  hours.  To  convey  a  further  notion  of  the 
quantity  of  matter  ejected,  Herculaneum  is  now  seventy 
feet  below  the  surface,  and  Pompeii  ten  or  twelve. 

Breislak  has  been  at  the  trouble  of  computing  the 
quantity  of  lava  ejected  by  some  remarkable  eruptions 
in  different  places.  That  which  flowed  from  Vesuvius 
in  1794  was  estimated  at  nearly  3,000,000  of  cubic 
fathoms.  In  1796,  the  mass  of  ejected  matters  in 
Bourbon  was  computed  at  upwards  of  9,000,000,  in 
1787,  at  nearly  12,000,000,  and  in  1791,  at  8,000,000. 
One  current  of  lava  from  JEtna  is  stated  by  Recupero 
to  be  forty  miles  in  length ;  and  that  which  flowed  in 
1669  measured  fifteen  miles  by  seven  in  breadth,  while 
it  filled  all  the  intermediate  valleys.  One  of  the  erup- 
tions in  Iceland  is  said  to  have  covered  a  space  of 
ninety-four  miles  by  fifty,  or  four  thousand  seven 
hundred  square  miles.  These  facts  will  convey  a 
notion  of  the  immense  masses  of  matter  that  are  thus 
brought  up  from  the  subterranean  regions  which  are 
the  seat  of  the  volcanic  fire. 

In  many  cases,  as  in  those  of  .flStna  and  Teneriffe, 
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the  volcanoes  smoke,  without  burning,  for  a  long 
period  :  while  others  emit  flames,  without  either  smoke 
or  lava.  In  some  of  the  eruptions  of  .ZEtna,  minute 
fragments  and  dust  have  been  thrown  out,  while  the 
mountain  only  smoked  in  its  usual  tranquil  manner. 
Many  of  the  volcanoes  of  Quito  eject  flames,  water,  and 
mud,  without  lava.  Even  fish,  almost  living,  or  re- 
cently dead,  are  sometimes  thrown  out  with  the  water. 

The  eruption  of  a  volcano  for  the  first  time,  is 
attended  with  some  difference  in  the  phenomena, 
though  these  have  hitherto  been  examined  only  in 
volcanic  countries,  That  of  Jorullo  was  preceded  by 
earthquakes  for  a  considerable  period ;  after  which  a 
large  tract  of  ground  rose  to  a  height  of  more  than 
five  hundred  feet,  forming  a  convex  hill,  whence  issued 
flames  extending  over  a  wide  space,  together  with 
fragments  of  heated  rocks.  This  surface  was  in  a 
state  of  undulation  resembling  that  of  the  sea,  and  two 
rivers  were  swallowed  up  in  the  abysses  which  it 
formed.  Torrents  of  mud  with  stones  were  then 
thrown  out,  and  numerous  cones  arose  in  the  neigh- 
bourhood ;  while  one  large  chasm  was  formed,  whence 
were  projected  masses  so  bulky  as  to  form  hills  of 
sixteen  hundred  feet  in  height.  Jorullo  itself,  still 
burning,  is  the  highest  of  these. 

In  the  history  of  this  eruption  we  can  trace  the 
origin  of  those  chains  which  were  formed  on  the 
declivity  of  JEtna  in  1809,  and  on  that  of  Vesuvius 
in  1760-  It  is  probable  that  similar  phenomena  ac- 
companied others  long  since  extinct ;  such  as  those  of 
Auvergne,  which  are  ranged  in  a  line  of  sixty  miles 
in  length.  Thus  also,  successive  eruptions  may  at 
some  future  period  raise  Jorullo  to  the  height  of 
Vesuvius  or  jEtna.  It  is  easy  also  to  understand, 
how  an  eruption  thus  taking  place  for  the  first  time. 
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in  a  new  spot,  maybe  attended  with  unusual  violence; 
from  the  greater  accumulation  of  the  expansive  mat- 
ters caused  by  the  superior  resistance. 

Eruptions  of  singular  and  extraordinary  violence 
have  occurred  in  Java,  In  one  of  these,  the  volcano 
Papandyang  entirely  disappeared,  having  fallen  into 
the  earth.  The  extent  of  the  land  thus  swallowed, 
was  estimated  at  fifteen  miles  in  length  by  six  in 
breadth ;  and  that  which  remained  was  so  far  levelled 
as  to  stand  but  three  feet  higher  than  the  surrounding 
plain.  This  accident  was  attended  by  an  earthquake, 
and  by  an  eruption  of  volcanic  matters.  In  another* 
an  eruption  took  place  in  Sumbawa,  one  of  the  Mo- 
lucca islands,  in  1815-  The  island  of  Java,  three 
hundred  miles  distant,  was  darkened  and  covered  with 
ashes ;  while  the  explosions  were  heard  for  many 
days,  not  only  in  this  island,  but  in  Sumatra,  at  a 
distance  of  seven  hundred  miles. 

The  phenomena  which  attend  the  eruptions  of  sub- 
marine volcanoes,  are  sometimes  of  a  peculiar  nature. 
The  islands  thus  produced,  are  sometimes  formed  by 
the  direct  elevation  of  the  submarine  strata ;  as 
happens  in  the  Coral  islands.  In  these  cases,  erup- 
tions of  fire  and  smoke  have  been  observed.  In  other 
instances,  stones  and  scoria  are  thrown  out  from  the 
volcanic  aperture ;  which,  gradually  reaching  the  sur- 
face, become  consolidated  by  their  own  weigh t,  and 
by  admixtures  of  lava.  The  pumice  so  often  found 
floating  in  the  sea,  is  probably  often  produced  by  these 
causes ;  having  been  too  light  to  consolidate  itself, 
and  being  thus  washed  away  by  the  waves.  Thus  the 
small  island  of  Sabrina,  near  the  Azores,  was  entirely 
destroyed  not  long  after  its  formation ;  having  been 
formed  entirely  of  light  scoria.  Such  recent  volcanic 
islands  have  been  produced  on  the  coast  of  Iceland. 
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Therasia,  Automali,  and  Thia,  according  to  Pliny, 
were  thus  generated  near  Santorini ;  and,  more  re- 
cently, some  smaller  ones  have  been  formed  in  the 
same  place,  as  before  mentioned.  In  these,  as  in 
other  cases,  flames  and  smoke  have  appeared  in  the 
sea,  marine  earthquakes  have  been  felt,  and  the  water 

has  been  heated  to  boiling. 

• 

Of  the  Produce  of  Volcanoes. 

The  productions  of  Volcanoes  are  numerous  and 
various ;  consisting  of  different  gaseous  matters,  of 
inflammable  substances,  and  of  various  salts,  minerals? 
and  rocks.  A  very  brief  notice  of  the  greater  number 
of  these  must  suffice ;  as  we  are  little  able  to  throw 
light  on  their  origin,  and  as  the  minerals,  which  are 
among  the  most  interesting,  belong  to  the  department 
of  the  mineralogist. 

The  formation  of  flame  is  attributed,  and  appa- 
rently with  reason,  to  hydrogen  gas  produced  from  the 
decomposition  of  water ;  and  its  evaporation  appears 
to  be  the  chief  cause  of  the  white  smoke,  resembling 
cotton,  or  the  produce  of  the  high-pressure  Steam 
Engine,  which  is  sometimes  thrown  up.  It  has  also 
been  ascertained  that  Vesuvius  throws  out  carbonic 
acid,  azote,  muriatic  acid,  and  sulphurous  acid.  Sul- 
phur is  said  to  be  sometimes  ejected  by  eruption ;  but 
it  is,  in  general,  sublimed  by  a  slower  process,  during 
periods  of  comparative  repose.  Boracic  acid  is  one  of 
the  rarer  productions;  occurring  in  Vulcano  :  and  the 
formation  of  siliceous  stalactites,  apparently  deposited 
from  the  steam  of  water,  in  Vesuvian  eruptions,  must 
also  be  considered  rare.  Tourfan,  in  Tartary,  pro- 
duces muriat  of  ammonia. 

It  was  already  remarked,  that  the  black  smoke  of 
volcanoes  consisted  of  dust,  or  of  the  minutest  frag- 
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ments  of  rocks ;  and  this  also  appears  to  be  the  chief 
source  of  the  mud  which  has  often  been  supposed  to 
flow  out  of  the  volcanic  opening.  During  the  erup- 
tion, torrents  of  rain  fall  on  the  mountain  ;  and,  mix- 
ing with  the  dust,  produce  those  currents  of  mud 
which  seem  chiefly  to  have  overwhelmed  Pompeii. 
But,  in  other  cases,  as  boiling  water  is  also  ejected, 
either  from  the  water  of  rivers,  or  of  lakes,  or  of  the 
sea,  getting  access  to  the  burning  caverns,  it  is  not 
improbable  that  this  is  also  an  occasional  source  of 
the  eruptions  of  mud.  That  the  fishes  already  men- 
tioned, Pimelodes  Cyclopum,  should  be  ejected  with- 
out destruction,  proves,  that  the  water  had,  in  these 
cases,  been  thrown  out  almost  at  the  moment  of  its 
admission  to  the  sources  of  heat.  The  torrents  of 
water  which  sometimes  accompany  eruptions,  are  also 
occasionally  caused  by  the  melting  of  the  snows  on  the 
summits  of  the  mountains ;  an  event  which  has  fre- 
quently occurred  in  the  Andes,  and  been  attended 
with  great  destruction. 

But  I  must  here  also  mention  those  singular  pro- 
ductions, the  mud  volcanoes,  which  exist  without 
apparent  fire.  One  of  these  is  found  in  Java,  one  in 
Sicily,  and  others  in  the  Crimea.  That  of  Maccaluba 
in  Sicily,  is  a  hill  terminating  in  a  plain  of  mud,  which, 
when  softened  by  the  rains,  is  in  a  state  of  ebullition, 
and,  when  dry,  is  elevated,  in  various  places,  into  little 
cones  with  craters,  whence  a  black  mud  is  emitted. 
In  some  seasons,  the  eruptions  are  sudden  and  violent, 
and  attended  by  slight  earthquakes.  Fragments  of 
rock  are  sometimes  also  ejected,  together  with  sulphu- 
retted hydrogen :  and  this  general  account  is  suffi- 
ciently applicable  to  all  the  appearances  of  the  same 
nature  that  have  been  described. 

But  the  most  interesting  products  of  volcanoes,  to 
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the  geologist,  are  the  rocks  and  minerals  which  they 
eject  ;  as  these  throw  light  on  many  obscure  and  dis- 
puted points  in  the  history  of  the  unstratified  rocks. 
I  shall  not  enumerate  the  long  list  of  volcanic  minerals, 
as  they  are  to  be  found  in  all  the  treatises  on  minera- 
logy. The  only  question  of  interest  here,  is  the  mode 
of  their  production ;  and  I  have  sufficiently  shown,  that 
the  greater  number  are  the  produce  of  fusion,  though 
some  are  formed  by  watery  infiltrations  into  the  cavi- 
ties of  the  scoria  ;  a  case  identical  with  that  of  the 
generation  of  the  arnygdaloidal  nodules  in  the  trap 
rocks.  If  it  is  not  always  possible  to  distinguish  the 
two  cases,  the  following  general  rule  may  still  be 
commonly  applied  to  them.  When  the  minerals  form 
part  of  the  solid  rock,  whether  it  be  scoriforrn  or  not, 
and  particularly  when  they  impress  and  interfere  with 
each  other,  they  must  be  considered  as  the  produce  of 
fusion ;  where,  on  the  contrary,  they  occupy  the 
caverns  of  the  scoria,  whether  filling  them  or  not,  they 
will  generally  be  found  to  arise  from  posterior  watery 
infiltration. 

The  unfused  rocks  ejected  by  volcanoes  require  no 
particular  notice,  as  they  may  consist  of  any  of  the 
numerous  substances  that  chance  to  lie  in  the  way  of 
the  volcanic  explosion-  It  is  easy  to  understand  how 
they  may  be  thrown  out  little  altered,  as  has  sometimes 
happened  to  limestone  containing  shells  ;  and  how  by 
falling  back  into  the  crater,  and  being  then  exploded 
again,  they  may  bear,  in  a  greater  or  less  degree,  the 
marks  of  heat,  or  even  of  superficial  fusion.  The  dust 
and  fragments  may,  in  the  same  manner,  be  the  pro- 
duce of  the  natural  rock,  or  of  the  antient  solid  lavas 
which  form  the  crater  and  the  internal  cavities  of  the 
mountain.  Hence  the  puzzolana  arid  the  tufas  of 
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volcanoes;  and  hence  also,  when  mixed  with  water, 
the  eruptions  of  tenacious  rnud. 

The  rocks  ejected  in  a  liquid  state,  are  the  most  im- 
portant of  the  volcanic  products,  and  are  commonly 
divided  into  obsidian,  pumice,  scoria  or  cavernous  lava, 
and  solid  lava;  presenting  great  varieties  of  aspect 
and  composition.  The  distinctions  between  these 
are  not  however  always  very  definite;  nor,  in  a  geo- 
logical view,  are  they  of  much  importance. 

The  consolidated  currents  of  lava  consist  of  a 
greater  or  less  variety  of  these  rocks,  and  form  irre- 
gular beds,  somewhat  resembling  strata  when  in  par- 
ticular positions.  They  are  of  various  sizes,  and  often 
very  extensive.  As  they  are  frequently  repeated  in  the 
same  spot,  they  are  also  found  in  irregular  succession, 
with  layers  of  dust  or  puzzolana  sometimes  inter- 
posed. In  Iceland,  they  have  occasionally  been  fused 
in  their  places  without  flowing.  Those  which  have 
flowed  under  the  sea,  or  under  other  more  antient  lavas, 
are  often  compact ;  while  those  which  have  run  on  the 
surface,  are  porous  or  cavernous  ;  from  that  disengage- 
ment of  air  which,  in  the  others,  has  been  prevented  by 
the  superincumbent  weight.  In  a  few  instances  they 
form  columns  resembling  those  of  the  trap  rocks ; 
and  they  also  present  examples  of  that  laminar  con- 
cretionary structure  so  remarkable  in  trap,  and  which 
occurs  in  granite  also. 

The  decomposition  of  lavas  is  very  unequal  in  re- 
spect to  the  time  which  it  occupies ;  and  this  arises 
from  the  very  variable  nature  of  their  composition ; 
while  they  are  noted,  on  ^Etna  and  Vesuvius,  as  well 
as  elsewhere,  for  producing,  like  the  traps,  remarkably 
fertile  soils.  From  false  calculations  respecting  the 
time  required  for  this  decomposition,  and  from  mis- 
taking interposed  tufas  for  the  effect  of  this,  there 
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have  been  deduced  groundless  conclusions  respecting 
the  ages  of  eruptions,  which  it  is  now  no  longer  ne- 
cessary to  refute. 

It  has  heen  idly  disputed  whether  lavas  could  ever 
he  compact:    and   hence  they  who  have  denied  this 
possibility,  have    referred    all    the    compact    volcanic 
rocks  to  trap.     This  has  heen  a  fertile  source  of  er- 
rors which  it  is   important  to  remove;  both  as  it    re- 
gards the  history  of  the  former  and  that  of  the  latter 
substances.     The  question  can  never  be  decided,  it  is 
evident,  if  every  compact  lava  is  considered  a  trap  rock; 
since  this  is  to  assume  the  point  to   be  proved.     The 
volcanic  rocks  of  Auvergne  are  often  compact,  as  are 
many  deep  currents  of  lava  which  have  been  examined 
in  many  parts  of  the  world.     And  as,  in  many  modern 
lavas,  the  size  of  the  pores  diminishes  as   we  descend 
deeper  in  the  bed,  the  possibility  of  this  state  of  abso- 
lute solidity,  and  the  nature  of  the  cause  by  which  the 
variable  nature  of  lava  in  this  respect  is  influenced    are 
proved.  It  is  elsewhere  shown  that  the  same  variations 
exist  in  the  trap  rocks;  and  unquestionably  from  the 
same  cause,  or  a  greater  or  less  degree  of  pressure  acting 
on  the  fluid  material.     The  analogy  of  lavas,  in  many 
particulars,  to  the  rocks  of  this   class,   is  striking;  as 
must  be  the  case,  since  their  origin  is  analogous  or 
identical.     Much  additional  light  would  be  thrown 
on  the  latter,   from  a   more  accurate   history  of  vol- 
canoes  than  we   have  yet  had.       It  is  an  important 
point  to   ascertain,  whether  the   rocks,  apparently  of 
the  trap  family,  in  which  volcanoes,  or  lavas,  are  often 
situated,    are    the    produce    of    their   eruptions,    and, 
further,  whether  they  are   the   produce   of  eruptions 
within  recent  times,  or  during  the  present  state  of  the 
globe.     If  such  formations   of  trap   can   be   certainly 
distinguished  from  the  ascertained  produce  of  recent 
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volcanic  eruptions,  and  if  they  resemble  in  every  point 
that  family,  while  they  differ  essentially  from  the 
present  volcanic  rocks,  it  might  be  concluded  that 
such  volcanoes,  under  some  other  condition  possibly, 
were  anterior  to  the  present  state  of  the  globe  and 
were  permanent  sources  of  subterranean  heat.  Thus  also 
it  might  be  inferred,  that  the  present  overlying  rocks 
occupied  the  places  of  antient  volcanoes,  though  dif- 
fering perhaps  in  some  essential  circumstances  from 
the  existing  examples. 

It  is  not  here  necessary  to  describe  minutely  the 
various  characters  and  composition  of  the  lavas:  all 
that  may  be  required  on  this  subject,  will  be  found  in 
the  Classification  of  rocks.  In  a  general  sense,  they 
present  a  much  stronger  resemblance  to  the  traps  than 
to  any  others,  as  well  in  their  aspect  as  in  their  con- 
stituent minerals;  though  it  is  in  this  last  circumstance 
that  the  most  important  differences  will  be  found. 
Yet  even  these  differences,  when  most  striking,  are 
rather  of  a  local  than  a  general  nature:  the  leucites  of 
Vesuvius  are  almost  peculiar  to  that  mountain,  as  are 
many  of  the  very  compound  lavas  in  which  it  abounds. 
Augit,  arid  compact  felspar,  or  a  mineral  analogous  to 
this  last,  form  the  leading  ingredients  of  lavas,  as  they 
do  of  many  of  the  trap  rocks.  With  respect  to  gene- 
ral character,  the  lavas  are  simple  and  compact,  or 
porous,  or  amygdaloidal,  or  porphyritic,  or  of  a  gra- 
nitic character  ;  and  two  or  more  of  these  features  are 
sometimes  united  in  one  example.  Where  the  occa- 
sional minerals  are  numerous,  they  sometimes  form  the 
great  bulk  of  the  compound,  as  is  the  case  with 
Leucite.  Obsidian  is  a  glass;  and  pumice  varies,  only 
as  it  happens  to  consist  of  this  glass  inflated  by  air 
or  steam,  or  of  other  lavas  rendered  so  thoroughly 
cavernous  by  inflation  as  to  float  on  water. 
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Of  the  Seat  and  of  the  Theory  of  Volcanoes. 

As  the  disputed  question  respecting  the  seat  of  the 
volcanic  fire,  is  intimately  connected  with  the  theory 
of  Volcanoes,  it  is  necessary  to  consider  these  two 
subjects  together.  It  has  heen  imagined  that  the 
seat  of  the  volcanic  fire  was  superficial,  and  that  it 
lay  among  the  coal  strata ;  the  eruptions  having  heen 
attributed  to  the  combustion  of  this  substance.  It  is 
to  trifle  with  a  reader  of  any  sense  or  knowledge,  to 
bestow  a  serious  thought  on  such  puerilities.  But 
the  propounder  was  the  greatest  of  Geologists ;  the 
condition  of  Geological  science  is  not  to  be  wondered 
at.  Were  such  strata  proved  to  exist  beneath  vol- 
canic mountains,  their  depth  would  not  be  sufficient 
to  produce  effects  which  bespeak  the  profundity  of  the 
abvsses  whence  such  enormous  masses  of  matter  and 
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such  extensive  disturbances  proceed.  Besides,  in  the  an- 
tient  volcanoes,  such  stores  of  coal,  even  had  they 
existed,  must  long  ago  have  been  consumed  ;  while 
the  black  smoke  of  volcanoes  does  not  consist  of  in- 
flammable matter,  and  they  eject  no  bitumen.  But 
it  is  useless  to  enumerate  other  objections  of  equal 
weight.  Be  the  cause  of  the  fire  what  it  may,  it  is 
not  seated  within  the  volcanic  mountain.  Had  that 
been  the  case,  many  of  these  would  have  been  de- 
stroyed, instead  of  having  constantly  received,  for  such 
long  periods,  such  vast  accessions  of  matter.  This 
alone  proves  that  the  cause  is  deep  seated,  and  that 
the  cavities  which  have  supplied  the  volcanic  portions 
of  JEtna,  Teneriffe,  or  Vesuvius,  are  so  remote  as 
to  be  protected  from  the  great  weight  of  these  moun- 
tains by  the  crust  of  solid  earth  which  lies  above 
them.  The  phenomena  of  submarine  volcanoes  also 
prove  the  great  depth  of  their  causes;  as,  from  no 
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other  sources  could  such  masses  of  matter  he  elevated 
from  the  hottom  of  a  deep  sea. 

The  same  depth  is  proved  by  the  obvious  con- 
nexion which  subsists  among  the  Italian  volcanoes  ; 
and  if,  as  formerly  suggested,  a  large  portion  of  that 
country  has  been  raised  from  the  bottom  of  the  ocean, 
the  source  of  expansion  must  lie  very  deep  in  the 
earth.  The  phenomena  of  earthquakes,  the  effects 
of  which  are  often  propagated  to  such  enormous  dis- 
tances from  their  immediate  seat,  prove  the  same 
theory ;  as  it  will  immediately  be  shown  that  they 
arise  from  volcanic  actions. 

It  might  be  inferred  from  the  antient  volcanoes  of 
Auvergne,  that  the  place  of  the  heat  was  one  pro- 
longed chasm,  the  fires  of  which,  issuing  from  a 
great  depth,  have  found  a  vent  in  different  places;  and 
this  opinion  is  strongly  confirmed  by  the  American 
volcanoes,  particularly  by  the  circumstances  with 
which  the  eruption  of  Jorullo  was  attended.  There  is  a 
narrow  belt,  lying  between  the  parallels  of  eighteen 
and  twenty-two  degrees,  in  New  Spain,in  which  many 
burning  and  extinct  volcanoes  are  situated.  That  a  con- 
tinued fire  exists  here,  is  proved  by  the  presence  of 
boiling  springs,  by  the  occasional  eruption  of  smoke, 
by  frequent  noises  or  explosions,  and  by  earthquakes. 
In  this  line  are  the  volcanoes  of  the  Pic  d'Orizaba, 
la  Puebla,  Nevado  de  Toluca,  and  Colima ;  that  of 
Jorullo  lying  in  the  same  parallel,  and  nearly  at  right 
angles  to  the  Cordillera  of  Anahuac.  This  line,  ex- 
tending for  one  hundred  and  thirty  leagues  and  up- 
wards, seems  to  indicate  the  existence  of  a  volcanic 
chasm,  which  may  probably  extend  even  to  the  Ar- 
chipelago of  Revellegedo,  and.  may  also  be  the  com- 
mon deep  seat  of  the  whole.  Hence  the  great  depth 
of  the  volcanic  regions  is  here  indicated  by  a  species 
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of  evidence  which  appears  nncontrovertible.  It  is 
equally  probable  that,  like  the  American  and  Italian 
volcanoes,  those  of  the  Canary  isles  are  merely  the 
separate  vents  of  one  volcanic  abyss,  which  must 
there  also  be  very  deeply  situated.  I  may  here  also 
remark  that  the  volcanic  region  of  Sardinia  extends 
in  a  line  through  the  whole  length  of  that  island. 

The  causes  of  the  volcanic  fire  have,  naturally,  been 
subjects  of  much  speculation.  The  theory  which  at- 
tributes this  to  coal  has  already  been  examined.  The 
ignition  of  pyrites  has  also  been  a  favourite  theory 
with  those  who  saw  nature  only  in  the  minutiae  of 
their  laboratories  and  cabinets.  There  is  no  such 
pyrites  present,  the  products  of  volcanoes  are  not 
those  which  would  result  from  such  a  cause,  and  it  is 
neither  able  to  explain  their  duration,  their  intermis- 
sion, nor  their  deep  and  distant  connexions.  The 
same  answer  nearly  may  be  given  to  the  theory  which 
supposes  sulphur  to  be  the  cause ;  and  that  which 
attributes  it  to  bitumen  is  equally  unworthy  of  further 
notice. 

As,  in  justification  of  these  theories,  it  has  been 
asserted  that  the  temperature  of  volcanoes  was  low, 
and  that  the  rocks  were  not  melted  by  the  ordinary 
process  of  fusion,  I  must  bestow  a  few  words  on  a 
speculation  which  derives  no  merit  but  from  its  ex- 
traordinary absurdity.  That  the  bitumen  of  Kirwan 
or  the  sulphur  of  Ferrara,  should  produce  the  fluidity 
of  lavas  without  fusion,  are  propositions  which  do 
not  deserve  a  serious  examination  ;  even  could  it  be 
proved  that  either  of  these  substances  were  present  in 
lavas  ;  which  they  are  not.  The  project  of  Dolomieu 
for  causing  the  parts  to  slide  on  each  other,  must  be 
passed  over,  in  compassion  to  a  well-meaning  ob- 
server. They  who  could  adopt  it  from  him,  under 
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the  lowest  knowledge  of  chemistry,  deserve  none. 
These  theories  have  been  contrived  because  it  was 
supposed  that  certain  fusible  minerals  contained  in 
Volcanic  products,  were  crystals  that  had  been  ejected 
in  that  state;  whereas  they  are  the  produce  of  igneous 
fusion  and  slow  cooling,  of  affinities  exerted  in  a  com- 
pound fluid  mass  of  earths.  Thus  does  ignorance 
generate  folly.  That  the  phenomena  of  Volcanoes 
all  indicate  an  intense  heat,  would  be  as  superfluous 
to  prove,  as  it  would  be  to  show  that  those  lavas 
which  once  formed  uniform  fluids  resembling  glass, 
are  now  crystallized  rocks  of  an  infinite  diversity  of 
character.  Of  the  theories  of  Thomson  and  Patrin, 
one  of  them  is  impossible  and  the  other  unintelligible; 
but  there  are  two  other  hypotheses  which  demand 
more  notice,  as  the  last  also  is  probably  the  true  one. 
Since  it  has  been  known  that  the  earths  and  al- 
kalies were  the  oxydes  of  metallic  substances,  it  has 
been  supposed  that  the  admission  of  water  to  repo- 
sitories containing  their  metallic  bases,  was  adequate 
to  the  solution  of  volcanic  phenomena.  This  hypo- 
thesis has  a  merit  which  must  be  refused  to  all  the 
others,  because  its  chemistry  is  true.  But  it  does  not 
provide  for  the  perpetual  heat  maintained  in  volcanic 
regions,  nor  for  the  long  intervals  of  repose,  nor  for 
the  production  of  new  volcanoes.  Water  must  be 
admitted  in  stated  modes  to  produce  these  effects; 
and  there  is  no  agent  to  provide  for  its  admission,  or 
to  open  the  fissures  through  which  it  must  flow  upon 
these  inflammable  substances.  But  a  more  serious 
objection  arises  from  considering  the  nature  and  abun- 
dance of  the  unstratified  rocks,  of  which  the  origin  is 
similar  to  that  of  volcanic  substances.  It  is  plain, 
that  to  form  all  the  granite  and  trap  of  the  earth,  an 
enormous  quantity  of  water  must  have  been  con- 

B  B   -2 


372  ON    VOLCANOES    AND    EARTHQUAKES. 

sumed,  attended  by  a  proportionate  disengagement  of 
hydrogen,  which  is  not  now  in  existence. 

The  last  hypothesis  is  that  which  supposes  the  per- 
petual existence  of  a  central  fire,  or  heat,  ready  to 
produce  inflammation  and  its  consequences,  whether 
from  the  admission  of  water,  or  from  internal  che- 
mical actions  occurring  in  consequence  of  changes 
respecting  which  we  cannot,  at  present,  easily  spe- 
culate. As  this  doctrine  forms  also  the  basis  of  the 
hypothesis  which  relates  to  the  unstratified  rocks,  it 
connects,  by  one  common  cause,  those  things  which 
are  so  exactly  connected  in  their  natures  and  appear- 
ances. The  permanence  of  this  central  heat  is  indi- 
cated by  the  permanence  of  volcanic  fires,  and  by  the 
phenomena  of  hot  springs.  The  force  exerted  may 
be  the  consequence  of  the  changes  already  mentioned, 
or  of  an  expansion,  the  nature  of  which  has  not  been 
explained.  It  is  plain,  that  as  far  as  the  excitement 
of  the  action  by  water  is  concerned,  it  does  not  labour 
under  the  same  difficulties  as  the  last ;  as  it  is  not 
necessary  that  the  water  should  be  decomposed,  and 
as  the  supposed  expansion  might  produce,  at  irregular 
intervals,  those  fissures  which  are  necessary  for  its 
transmission.  The  objections  which  have  been  made 
to  this  theory  are  of  no  force,  as  far  as  relates  to  its 
power,  its  properties,  or  its  modifications ;  and  by 
adding  some  not  unreasonable  assumptions,  it  is  easy 
to  modify  it  to  all  the  requisite  ends.  It  is  but  one 
portion  of  that  general  theory  which  includes  the 
causes  of  the  figure  of  the  earth  and  of  all  its  impor- 
tant revolutions ;  of  which  also,  the  phenomena  of 
volcanoes  form  one  of  the  leading  evidences. 

It  assuredly  presents  a  more  magnificent  and  con- 
sistent view  of  nature,  to  consider  Volcanoes  as  parts 
of  one  great  system,  and  not  as  casual  and  partial 


ON    VOLCANOES    AND    EARTHQUAKES  373 

phenomena,  whatever  theory  we  may  adopt  for  their 
explanation.  We  cannot  but  suppose  that  operations 
so  important  are  all  dedicated  to  one  great  end.  And 
the  views  of  the  origin  of  the  unstratified  rocks  given 
in  this  work,  being  just,  it  is  easy  to  see  what  that 
office  is,  of  which  Volcanoes  form  a  part,  or  of  which, 
at  least,  they  are  the  proofs  and  living  records.  Suc- 
cessive eruptions  of  granite  and  antient  porphyry,  the 
same  successions  in  Trap  rocks,  the  elevations  of 
Italy,  those  of  the  Coral  islands,  JEtna  and  Jorullo, 
this  is  the  chain,  and  it  is  entire. 

The  resemblance  between  many  of  the  trap  rocks 
and  the  volcanic  productions,  has  been  here  established ; 
and  these  are  strongest  when  we  compare  the  most 
antient  of  the  volcanic  rocks  with  the  former.    A  very 
perfect  resemblance  in  all  the  essential  circumstances 
has  been  also  shown  to  hold  between  the  trap  rocks 
and  those  of  the  granite  family.     If  all  this  be  con- 
ceded, the  whole  of  these  are  parts  of  one  great  Vol- 
canic system,  operating  at  different  periods  and  under 
different  circumstances,  from  the  very  commencement 
of  the  earth  to  our  own  days.     Under  such  variations, 
modern  volcanoes   may  be   destined  to   form  future 
trap    rocks:    even  now  they  are  probably  forming  be- 
neath the  sea,  and,  possibly  also,  beneath  the  land,  pro- 
ductions of  the  same  nature,  as  they  are  also  producing 
islands  above  it.     Our  own  traps,  and  even  our  gra- 
nites, must  then  also  be  the  produce  of  antient  volcanic 
fires ;  differing  in  numerous  circumstances  which  it 
cannot  now  be  necessary  to  repeat.     Many  of  these 
effects  may  have  been  purely  submarine,  lifting  with 
them  the  strata  which  now  form  the  earth's  surface. 
Where  they  have  broken  through  the  strata,  as  they 
have   so  often  done,   it  is  easy  to  understand  how,  in 
the  lapse  of  time,  all  the  peculiar  appearances  which 
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distinguish  modern  volcanoes  may  have  been  wasted 
away;  how  the  craters,  the  narrow  and  shallow  cur- 
rents, and  the  loose  materials,  may  have  vanished; 
leaving  nothing  remaining  but  those  solid  rocks  which 
are  no  longer  distinguishable  from  trap;  or  rather 
which  are  real  members  of  that  family. 

If  it  is  still  a  doubt  among  geologists  whether  the 
Euganean  hills  are  formed  of  trap,  or  whether  they 
are  of  volcanic  origin,  we  must  expect  similar  difficul- 
ties elsewhere ;  and  till  geologists  shall  think  fit  to 
adopt  more  philosophical  views,  such  difficulties  must 
ever  remain ;  as  they  will  be  always  explained  by  the 
particular  prejudices  of  the  observer.  The  very  vol- 
canoes of  Auvergne  might  thus  also  equally  claim  to 
be  of  the  trap  family,  as  they  were  once  supposed  : 
while  they  form  that  intermediate  link  which  is  want- 
ing to  connect  together  two  very  distant  periods  of 
eruption,  or  the  two  classes  of  phenomena,  and  thus 
to  prove  the  identity  of  both.  Hence  the  Volcanic 
Theory  of  the  Earth,  as  it  has  been  called,  assumes  a 
form,  which  those  who  have  taken  a  different  view  of 
the  effects  of  internal  heat  had  neither  the  knowledge 
nor  the  judgment  to  understand.  The  theories  are 
the  same,  under  different  names :  but  the  self-imagined 
improvers  on  Lazzaro  Moro  constructed  a  system  out 
of  their  own  ignorance,  disclaiming  the  teacher  whose 
facts  they  could  not  comprehend ;  and  willing,  too, 
perhaps,  to  pass  for  inventors.  The  volcanoes  which 
now  elevate  great  tracts  of  land,  whether  from  the 
bottom  of  the  sea  or  on  the  shore,  have  operated  the 
same  effects  in  more  antient  times.  I  have  shown 
that  these  have  been  partial  as  well  as  general,  and 
that  they  have  also  been  of  different  ages.  By  attri- 
buting the  greatest  catastrophes  of  this  nature  to  the 
same  causes  as  the  smallest,  an  igneous  system  be^ 
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comes  rational  and  uniform ;  as  the  present  views 
give  the  strongest  support  to  that  one  which  has,  very 
ignorantly,  thought  proper  to  disclaim  it. 

Of  Earthquakes. 

It  yet  remains  to  examine  the  phenomena  of  Earth- 
quakes ;  a  subject  so  intimately  connected  with  the 
present,  in  all  its  circumstances,  as  to  leave  no  doubt 
of  their  being  effects  of  a  common  cause.  Theories 
of  Earthquakes  are  as  antient  as  the  times  of  Anax- 
agoras,  and  are  as  numerous  as  the  singularity  and 
importance  of  the  phenomena  might  lead  us  to  expect. 
It  is  unnecessary  to  revive  these  hypotheses ;  and, 
with  respect  to  the  only  one  requiring  notice,  the 
electrical  theory,  it  is  sufficient  to  say  that  it  is  as 
gratuitous  as  it  is  irreconcileable  to  the  appearances. 

History  has  recorded  Earthquakes  from  all  times ; 
the  disappearance  of  mountains  and  islands,  new  lands 
produced,  lakes  and  rivers  lost,  cities  overwhelmed, 
and  even  their  vestiges  destroyed.  Of  the  most  noted 
in  antient  history,  is  that  which  swallowed  up  twelve 
cities  of  Asia  Minor  in  one  night,  in  the  reign  of 
Tiberius,  with  those  which  took  place  in  the  reigns  of 
Gallienus,  of  Valens  and  Valentinian,  and  of  Justinian. 
A  remarkable  one  occurred  in  modern  times  on  the 
coast  of  Puzzuoli  in  1538,  which  annihilated  the  lake 
Lucrinus,  destroyed  a  town,  and  raised  the  present 
Monte  Nuovo  to  the  height  of  eleven  hundred  and 
twenty-seven  feet.  In  1638,  the  earthquake  of  Cala- 
bria, described  by  Kircher,  swallowed  up  the  town 
Euphemia ;  and,  in  1692,  Jamaica  was  the  seat  of  one 
which  destroyed  Port  Royal,  sinking  the  houses  thirty 
or  forty  fathoms  deep.  At  this  time  also,  nearly  all 
the  houses  in  the  island  were  thrown  down,  and  many 
ships  in  the  harbour  were  forced  on  shore.  The  great 
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earthquake  of   Sicily,    in  1693,   destroyed   fifty-four 
towns  ;  but  those  of  Italy  are  innumerable. 

The  earthquake  of  Lisbon,  in  1755,  was  one  of  the 
most  extensive  in  its  effects  of  any  that   has   been 
described,    and   is,  on   that  account,  particularly   in- 
teresting.    It  was  felt  all  over  Portugal  and  Spain,  in 
Madeira,  and  in  some  parts  of  Africa,  and,  in  a  slighter 
degree,  in  Sweden,  Italy*  France,  and  England.     The 
waters  of  wells   and  lakes  showed  the  disturbance  of 
the  earth,   in   many  places  where  the  tremor  was  not 
remarked ;  becoming  agitated,  turning  muddy,   over- 
flowing their  banks,  or  fluctuating  and  rising  in  pyra- 
midal waves.     Even  the  sea  was   thus  affected;  not 
only  on  the   shores  of  these  countries,  but  far  off  in 
the   ocean.      The    places  where   these    effects    were 
perceived,  were  Norway,  Sweden,  Germany.  Corsica, 
Switzerland,  Antigua,  Barbadoes,  and  Ireland ;  mark- 
ing the  deep  seat,  as  well   as  the  wide  range  of  the 
disturbance.     The  last  events  of  this  nature  which  are 
here  worth  recording  are  those  continued  earthquakes 
which  took  place  in  Calabria  between  1783  and  1786; 
involving  a  circle  of  seventy-two  miles  in  radius,  and 
producing  the  destruction  of  twenty  thousand  persons. 
In  these  catastrophes,  a  hundred  and  eighty-two  towns 
and  villages  were  demolished,  and  ninety-two  injured; 
and  the  circle  of  complete  destruction,  of  which  Oppido 
was  the  centre,  had  a  radius  of  twenty-two  miles. 

Earthquakes  are  most  frequent  and  complete  in 
volcanic  countries,  and  are  expected  when  volcanoes 
have  been  long  dormant ;  a  proof  of  the  community 
of  their  causes.  They  are  generally  preceded  by 
various  unusual  meteoric  phenomena,  by  a  peculiar 
state  of  the  atmosphere,  attended  with  uncommon 
sounds  resembling  thunder.  Wells  and  springs  are 
rendered  muddy,  or  dry  up,  or  become  more  abundant; 
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and  the  sea  swells  and  roars,  generally  undulating  in 
an  unusual  manner,  even  without  wind.  During  the 
commotion,  the  shocks  are  generally  numerous,  suc- 
ceeding each  other  with  various  degrees  of  rapidity. 
The  earth  undulates,  heaving  and  alternately  subsiding  ; 
or,  in  slighter  cases,  is  merely  in  a  tremulous  state. 
In  violent  earthquakes,  it  opens  ;  and,  in  these  fis- 
sures, which  are  often  of  great  size,  towns  and  animals 
are  ingulfed.  The  fissures  sometimes  emit  smoke  and 
flame,  sometimes  water ;  and  flame  and  smoke  are  also 
often  seen  to  issue  out  of  the  earth,  without  visible 
openings,  as  they  do  sometimes  out  of  the  sea  also. 
The  effect  of  the  shocks  on  the  water  is  remarkable ; 
ships  sometimes  feeling  the  same  sensation  as  if  they 
had  struck  the  ground,  or  received  the  blow  of  a 
wave. 

The  proofs  of  the  connexion  between  earthquakes 
and  volcanoes  are  innumerable  ;  and  the  latter  indeed 
often  appear  to  give  vent  to  that  elastic  matter  which, 
being  pent  up,  is  the  cause  of  the  motion  and  the 
tremors  of  the  earth.  An  earthquake  extending  to  a 
distance  of  fifty  miles,  accompanied  the  eruption  of 
flames  in  the  sea  of  Azof  which  attended  the  forma- 
tion of  an  island  ;  and  the  ejection  of  Sabrina  off  the 
Azores,  was  also  marked  by  the  same  circumstance. 
The  same  occurred  when  the  volcanic  islands  arose  out 
of  the  sea  on  the  coast  of  Iceland.  The  great  earth-- 
quakes of  Sicily  and  Calabria  were  accompanied  by 
eruptions  of  the  Lipari  Isles  ;  and  those  of  ^Etria, 
Vesuvius,  and  other  volcanoes,  have  equally  been 
attended  by  earthquakes.  Those  of  Cumana  were 
connected  with  similar  phenomena  in  the  West  Indies  ; 
and  are  supposed  to  have  been  dependent  on  the  erup- 
tions of  the  Andes.  The  earthquake  of  Quito  in  1797 
was  marked  by  an  eruption  in  Guadeloupe  ;  and  the 
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volcano  of  St.  Vincent  broke  out  during  the  great 
earthquake  that  destroyed  Caraccas  in  1812.  Innu- 
merable other  instances  of  the  same  connexions  might 
be  produced ;  but  I  shall  only  add  to  these,  that,  on 
the  night  in  which  Lima  and  Callao  were  destroyed,, 
four  new  volcanoes  broke  out  in  the  Andes.  The 
great  depth  at  which  the  causes  of  earthquakes  are 
situated,  is  proved  by  att  these  phenomena,  as  well  as 
by  the  great  distance  to  which  the  effects  of  the  Lisbon 
earthquake,  and  of  others,  extended.  The  earthquake 
of  Lima  was  felt  at  a  distance  of  four  hundred  and  fifty 
leagues  at  sea. 

These  facts  comprise  all  which  it  is  necessary  to  say 
on  the  Theory  of  Earthquakes ;  since  it  thus  rests  on 
the  same  foundation  as  that  of  volcanoes,  whatever 
this  may  be.  Yet  some  phenomena  of  this  nature 
which  have  occurred,  are  still  difficult  of  explanation  ; 
either  from  their  peculiar  nature,  or  from  their  being 
unattended  by  eruptions  in  any  part  of  the  world. 
The  late  earthquake  in  the  East  Indies  overturned 
two  spots  of  ground  at  no  great  distance,  leaving  an 
interval  of  absolute  rest  between  them.  Small  shocks 
of  earthquakes  are  also  not  unfrequent  in  many  places, 
even  in  Britain ;  and  Loch  Earn  in  Scotland  has,  for 
many  years  past,  been  noted  for  the  frequent  recur- 
rence of  these  commotions.  Whatever  their  diffe- 
rences may  arise  from,  or  wherever  these  effects  may 
take  place,  it  is  probable  that  the  same  general  cause 
applies  to  all,  and  that  this  solid  earth  on  which  we 
tread  is  only  the  surface  of  an  abyss,  in  which  exten- 
sive operations,  unknown  to  us  but  by  these  their 
effects,  are  in  a  state  of  constant  action ;  ready  at  any 
time  to  produce  the  most  tremendous  revolutions, 
from  accessary  causes  with  the  nature  of  which  we  are 
equally  unacquainted. 
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CHAP.  XIX. 

On  Mineral  Veins. 

IN  a  practical  view,  this  is  one  of  the  most  important 
subjects  in  geology,  yet,  though  long  studied  hy 
miners  and  geologists  hoth,  nothing  is  less  understood. 
No  general  practical  rules  have  been  established,  as  to 
the  districts  or  rocks  in  which  they  should  occur,  the 
courses  they  may  hold,  the  forms  and  accidents  they 
may  display,  or  the  substances  they  may  contain. 
And  as  little  have  we  been  able  to  form  any  theory 
respecting  their  origin  and  the  mode  of  their  pro- 
duction. 

Mineral  veins  may  exist  without  metallic  sub- 
stances, and  many  minerals  are  occasionally  found  in 
repositories  which  cannot  be  called  veins.  Metallic 
minerals  thus  occur  in  the  compound  rocks,  so  as  to 
form  parts  of  their  composition.  Thus  oxydulous 
iron  is  found  in  granite,  gneiss,  sandstone,  and  trap, 
molybdena  in  gneiss,  and  iron  pyrites  in  micaceous 
schist,  slate,  shale,  and  limestone.  They  sometimes 
also  occur  independently;  neither  forming  part  of 
the  composition  of  rocks,  nor  included  in  distinct  re- 
positories. In  this  way,  pyrites  is  found  in  many 
situations,  copper  in  the  trap  rocks,  and  oxydulous 
iron  in  volcanic  ones.  Some  of  these,  also,  are  occa- 
sionally accumulated  in  such  quantities  in  particular 
spots  as  to  be  wrought  for  use ;  and  thus  Cobalt  and 
Copper  occur  in  sandstone.  Iron,  in  the  form  of  iron 
stone  and  bog  ore,  forms  beds;  the  first  among  the 
coal  strata,  and  the  latter  in  alluvial  soils.  Thus  also, 
tin  and  gold  are  found  among  these,  and  the  latter  in 
great  abundance;  but,  in  the  two  last  cases,  the  origin 
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of  the  metals  is  in  distant  veins.  Manganese  also 
occurs  in  the  form  of  beds,  as  has  been  said  to  happen 
with  repect  to  mercury,  copper,  lead,  and  silver ;  but 
it  must  be  remembered  that  veins  holding  a  course 
parallel  to  the  including  strata,  have  sometimes  been 
mistaken  for  beds.  I  suppress  the  provincial  terms, 
flat  veins  and  rake  veins,  as  I  have  avoided  those  on 
all  other  occasions,  siri*ce  no  useful  information  is 
communicated  by  this  practice,  which  also  incumbers 
geology  still  further  with  terms,  and  corrupts  the  En- 
glish tongue.  To  shroud  in  the  mystic  phraseology  of 
an  art,  that  which  can  be  expressed  in  ordinary  lan- 
guage, is  the  result  of  a  poor  ambition,  or  a  proof  of 
the  superiority  of  the  memory  to  the  understanding. 

Of  the  Forms,  Positions,  and  Relations  of  Mineral 

Veins. 

Mineral,  like  rock  veins,  intersect  the  strata  at  all 
angles,  and  are  also  occasionally  parallel  to  them 
throughout  more  or  less  of  their  courses.  They 
imply  a  discontinuity  of  the  rocks  through  which  they 
pass,  being  composed  of  matter  which  has  entered 
into  the  fissures  formerly  described  in  treating  of  the 
positions  of  strata ;  and  hence  they  are  occasionally 
accompanied  by  dislocations  of  the  including  strata. 
As  they  may  hold  any  direction  with  regard  to  those, 
so  they  may  be  placed  in  any  position  towards  the 
horizon  ;  though,  from  a  mere  comparison  of  chances, 
it  is  plain  that  they  must  be  far  more  frequently 
inclined  than  vertical.  Hence  miners  distinguish 
between  the  upper  and  under  sides  of  a  vein.  When 
mineral  veins  occur  in  considerable  numbers  in  any 
tract  of  country,  they  maintain  a  sort  of  general  paral- 
lelism ;  as  if  all  the  fissures  to  which  they  owe  their 
origin  had  been  formed  at  the  same  time  by  some. 
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common  cause,  or  had  been  produced  by  the  repe- 
tition of  similar  actions.  This  also  is  sometimes  the 
case  where  more  than  one  set  of  veins  exists,  and 
where  the  posteriority  of  the  one  class  is  proved  by 
their  intersecting  the  other,  as  in  Cornwall,  where  the 
more  antient  veins  are  directed,  in  a  general  sense, 
from  east  to  west,  and  the  more  recent  from  north  to 
south. 

Their  longitudinal  extent  must  evidently  be  limited, 
but  is  often  considerable.  They  have  been  traced  for 
two,  and  even  three  miles,  in  Cornwall ;  and  it  is  said 
that  one  vein  in  South  America  has  been  ascertained 
to  extend  for  eighty  miles.  But  such  observations  as 
this  excite  distrust,  when  we  advert  to  the  comparative 
length  and  breadth  of  such  a  supposed  continuous 
fissure,  and  to  all  the  circumstances  under  which 
these  must  have  been  formed.  Inaccuracy  and  hypo- 
thesis unite  to  produce  such  assertions. 

The  breadth  of  veins  is  extremely  uncertain,  varying 
from  less  than  an  inch  to  many  yards.  It  is  believed, 
by  some,  that  their  depth  is  indefinite :  it  is  at  least 
said  that  this  has  never  been  reached  by  miners.  If 
that  were  even  true,  it  would  not  prove  the  truth  of  an 
opinion  so  improbable,  when  we  consider  the  circum- 
stances under  which  fissures  must  have  been  formed. 
When  the  separated  or  dislocated  strata  preserve  an 
accurate  parallelism,  the  same  relative  disposition 
must  exist  between  the  opposite  sides  of  the  vein ; 
and  we  might  thus  imagine  it  interminable.  But  if 
these  have  lost  their  parallelism  after  separation,  it  is 
evident  that  under  one  modification  of  this,  they  must 
come  into  contact  in  some  part  of  the  series,  and  that 
the  vein  will  therefore  disappear.  This  reasoning 
takes  only  a  simple  view  of  the  consequences  resulting 
from  the  appearances  ;  but  if  it  should  be  admitted 
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that  the  materials  of  veins  were  ejected  from  the 
depths  of  the  earth,  then  indeed  they  may  he  indefi- 
nite, or  at  least,  incapahle  of  definition,  in  their  down- 
ward progress.  But  this  is  speculative  matter. 

The  ahsolute  antiquity  of  veins  cannot  he  con- 
jectured; but  there  are  two  modes  of  judging  of  their 
ages,  within  certain  limits.  It  is  evident  that  they 
are  all  posterior  to  the  induration  of  the  strata,  as  they 
imply  fracture  of  these  :  and  should  veins  be  found  in 
the  primary  strata,  not  also  existing  in  the  secondary, 
they  must  be  of  an  earlier  origin  than  the  deposition 
of  the  latter.  The  veins  of  Cornwall  are,  probably, 
anterior  to  the  formation  of  the  English  secondary 
rocks,  because  they  do  not  occur  in  the  secondary 
districts;  but  to  render  the  proof  of  this  complete,  we 
ought  to  produce  secondary  strata  unbroken  above 
these  veins,  or  discover  them  after  removing  these. 
Thus  also,  if  the  lead  veins  of  Derbyshire  are  really 
confined  to  the  secondary  strata,  they  are  of  more 
recent  date  than  the  last  changes  in  the  primary  rocks 
which  caused  the  fissures.  A  difference  of  age  in 
veins  is,  however,  proved  where  two  co-exist,  and 
where  the  one  intersects  the  other.  This  circumstance 
is  not  uncommon  on  an  extensive  scale.  In  Cornwall, 
most,  if  not  all  of  the  easterly  veins  are  intersected  by 
the  northerly;  the  former  being  metalliferous,  and  the 
latter  wanting  in  metals.  These  intersections  are 
attended  by  circumstances  as  interesting  to  geology 
as  they  are  important  in  the  art  of  mining,  in  which 
they  are  often  the  source  of  much  labour  and  expense. 

As  the  first  class  of  veins  is  frequently  attended  by 
dislocations  of  strata,  so  is  the  second;  and,  with  the 
consequence  of  dislocating  the  former  set.  Thus  the 
effect  of  a  second  vein  is  to  produce  a  shift  in  the  first, 
often  attended  by  peculiar  circumstances  in  the  state 
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and  nature  of  its  contents.  The  extent  of  such  dis- 
locations in  veins  is  variable;  as  might  he  inferred 
from  the  motions  of  the  disrupted  strata,  in  which 
they  necessarily  partake.  These  form  an  object  of 
the  highest  interest  to  the  miner;  and  it  is  through 
previous  judgments  respecting  them,  that  he  is  taught 
where  to  seek  for  the  continuation  of  that  which  he 
has  lost.  Experience  in  a  given  country  often  forms 
a  guide  for  these ;  but  rules  so  deduced  cannot  be  ex- 
tended to  other  countries,  or  to  remote  places.  To 
determine  whether  the  motion  of  one  part  of  an  in- 
clined vein  is  to  be  termed  an  elevation  or  a  depres- 
sion, it  is  necessary  to  take  the  point  of  departure 
from  the  surface,  as  in  the  case  of  dislocated  strata. 
When  a  vertical  vein  is  shifted,  it  is  evident  that  the 
adjacent  rocks  must  all  have  been  moved,  by  the  same 
quantity,  in  a  horizontal  direction;  an  event,  as  for- 
merly remarked,  not  favourable  to  the  theory  which 
supposes  the  fractures  of  strata  to  be  the  effect  of 
subsidence.  The  last  circumstance  relating  to  the 
forms  of  veins,  is  their  ramification.  They  are  oc- 
casionally separated,  and  again  reunited ;  certain  tech- 
nical terms  being,  in  mining  countries,  applied  to 
the  intermediate  mass.  In  other  cases,  they  send  out 
slender  ramifications;  and  sometimes  they  are  found 
to  ramify  at  once  into  many  small  branches. 

I  have  separated  from  that  which  is  matter  of  jus- 
tifiable inference  respecting  the  ages  of  veins,  what 
can  only  be  considered  as  an  hypothesis,  neither  in- 
telligible nor  useful.  It  has  been  said,  by  that  school 
which  has  so  long  obstructed  the  progress  of  Geology, 
that  there  are  epochas  in  metallic  veins,  or  that  the 
metals  themselves  are  of  different  ages.  Thus  it  is 
said  that  Tin  is  among  the  oldest  metals  because  it  is 
found  in  granite,  and  that  lead  is  among  the  newest 
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because  it  occurs  in  secondary  limestone.     I  need  not 
enumerate  all  the   particulars  contained   in   this   un- 
founded assertion;   while  a  few  simple  facts  will  anni- 
hilate the  whole  system.     Cobalt  occurs  in  granite, 
in  many  of  the  primary  schists,  and  in  the  secondary 
sandstones.     Copper  has  been  found  throughout  the 
whole  system,  from  granite  up    to    Trap,    inclusive. 
Lead  is    found  alike  iu   the    primary  and   secondary 
strata,  and  Iron  is  universal.     This   short  list   of  ex- 
ceptions already  overwhelms  the  rule.     If,  again,  the 
nature,  or  imagined  age  of  the  rock  which  is  traversed 
by  a  vein  is  to  be  made  the  criterion  of  the  age  of  the 
latter,  or  of  the  included  minerals,  it  must  be  remem- 
bered that  a  vein  must  traverse  every  rock  that  was 
in  existence  at  the  time  of  its  formation.     The  vein 
that  intersects  the  granite,  intersects  the   superincum- 
bent strata  also;  and  tin,    copper,    or  lead,  as  it  may 
happen,  will  occur  in  every  part  of  it.     It  may  have 
required   uncounted  centuries  to  form  all  the  strata, 
but  the  vein  is,  comparatively,  the  work  of  a  moment. 
To    attempt  to  classify  metallic  veins    according   to 
certain    imaginary    dates    of  formation,    is    to    make 
systems  which,  except  at   Freyberg,   philosophy  dis- 
claims.    If  there  were  a  hundred,  instead  of  ten  or 
sixteen  "  lead-glance  formations"  we  must  be  content 
to   remain   ignorant  of  the  ages   of  all  that  we   can- 
not  prove    by    the  uncontrovertible    marks    already 
indicated. 

There  is  not  one  circumstance  in  the  history  of 
veins,  whether  we  regard  their  forms,  positions,  seats, 
origins,  or  the  nature  and  disposition  of  the  minerals 
they  contain,  which  can  entitle  us  to  conclude  that 
they  possess  a  resemblance  or  analogy  throughout 
the  world,  that  they  are  of  definite  and  definable 
ages,  or  that  they  are  in  any  sense  of  the  word,  general 
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or  universal.  Yet  this  doctrine  is  supported  by  geo- 
logists who  imagine  that  the  mines  of  New  Spain  are 
similar  to  those  of  Hungary  and  Saxony.  That  Patrin, 
who  imagined  the  earth  organized  and  endowed  with 
a  vital  principle,  should  protract  a  zone  of  copper, 
silver,  and  lead,  from  England  through  Europe,  Asia? 
and  America,  is  consistent. 

Of  the  Seats  and  the  Contents  of  Mineral 
Feins. 

The  nature  of  the  rocks  in  which  mineral  veins 
are  found,  is  an  obvious  object  of  inquiry,  but  it  can- 
not be  converted  to  any  useful  purposes.  They  may 
be  said  rather  to  belong  to  countries  than  to  rocks; 
since,  in  one,  that  substance  may  be  highly  productive 
of  veins  and  metals,  which,  in  another,  is  deficient  and 
barren.  They  are,  however,  most  abundant  in  the 
primary  or  antient  rocks,  and  are  also  more  common 
in  gneiss,  micaceous  schist,  and  argillaceous  schist, 
than  in  granite  or  in  the  older  porphyries.  In  the 
secondary,  or  recent  strata,  they  occur  chiefly  in  the 
lowest,  as  in  the  mountain  limestone,  and  are  scarcely 
found  in  the  upper  strata,  or  above  coal.  In  the  same 
manner  they  are  rare  in  the  later  trap  rocks;  but  if 
Hacquet's  observations  are  correct,  they  occur  at 
Nagyag,  either  in  these,  or  in  antient  volcanic 
rocks. 

In  the  primary  rocks,  they  are  sometimes  found  at 
the  junctions  of  granite  with  the  strata,  as  happens  in 
Cornwall  and  at  Strontian.  But  no  practical  advan- 
tages accrue  from  any  thing  yet  known  on  this  subject; 
unless  under  experience  acquired  in  particular  dis- 
tricts. The  limitation  of  Tin  to  Cornwall  and  a  few 
iher  spots,  and  its  exclusion  from  countries  formed 
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of  the  same  materials,  the  barrenness  of  gneiss  in 
Scotland,  compared  with  its  fertility  in  Saxony,  may 
be  added  to  a  thousand  other  instances,  to  prove  that 
we  must  be  content  to  possess  mines  wherever  they 
are  found,  without  wasting  our  means  where  we  have 
no  evidences  of  their  existence.  That  much  false 
philosophy  should  have  been  adopted  on  the  subject 
of  mines,  is  a  natural  consequence  of  that  perversion 
of  judgment  which  so  often  attends  the  pursuit  of 
wealth,  and  is  produced  by  examples  of  its  sudden 
acquisition. 

The  contents  of  mineral  veins  are  various;  and 
though  the  metals  form  the  most  valuable  of  those, 
they  bear  a  very  small  proportion  to  the  rest.  No 
general  rules  respecting  these  contents  can  be  given, 
as  they  vary  in  almost  every  country,  in  every  vein, 
and  often,  in  every  part  of  a  vein.  It  is  common, 
however,  to  find  that  the  sides  next  to  the  including 
rocks  are  formed  of  earthy  matters  ;  sometimes  of 
clay,  at  others  of  quartz,  and,  not  unfrequently,  of 
fragments  of  the  including  rocks,  united  by  crystalline 
and  earthy  substances;  while  the  rock  is  generally 
decomposed  and  altered  at  its  junction  with  the  vein, 
as  detached  fragments  of  it  are  sometimes  also  in- 
cluded within  that.  This  occurrence  has  sometimes 
presented  an  interesting  variation,  where  a  vein  traver- 
sing schist  and  granite  together,  has  contained  frag- 
ments of  the  former  within  the  space  bounded  by  the 
latter,  arid  the  reverse.  This  fact  seems  to  prove 
revolutions  of  a  mechanical  nature  in  the  vein,  either 
at  the  time,  or  after  the  period,  of  its  formation. 

I  need  not  enumerate  all  the  earthy  minerals  which 
have  been  found  in  veins,  but  the  most  common  are 
quartz,  calcareous  spar,  barytes  and  fluor.  These, 
like  the  metallic  substances,  occur  in  different  parts 
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of  the  vein,  and  are  crystallized  wherever  cavities  are 
present.  The  metallic  minerals  are  variously  dis- 
posed ;  sometimes  lining  similar  cavities,  in  their  cry- 
stalline forms,  at  others,  collected  into  deposits  in 
different  parts  of  the  vein ;  and,  at  others  again,  more 
generally  diffused  among  the  mass  of  materials.  In 
some  instances,  only  one  metal  is  found  in  a  vein, 
in  others,  two  or  more;  and  these  are  sometimes 
distinctly  separated,  at  others  intinately  mixed,  so 
as  to  he  a  source  of  much  trouble  to  the  miner. 
Occasionally,  the  minerals,  whether  metallic  or 
earthy,  are  arranged  in  layers  parallel  to  the  sides  of 
the  vein ;  and,  in  some  of  these  instances,  there  is 
further,  a  perfect  correspondence  on  the  opposite 
sides.  Such  also  is  the  capricious  disposition  of  the 
metals,  that  they  sometimes  disappear  altogether,  after 
having  abounded  through  a  large  space;  so  that  it 
becomes  necessary  to  abandon  a  mine  which  had  once 
proved  profitable.  It  is  from  these  perpetual  varia- 
tions in  the  contents  of  mineral  veins,  that  the  cha- 
racters of  particular  mines  are  subject  to  such  impor- 
tant alterations,  and  that  chance,  in  the  ordinary  ac- 
ceptation of  the  term,  baffles  all  the  calculations  of 
the  miner.  Yet  rules  are  still  to  be  found  in  every 
mining  country,  of  occasional  value  in  practice,  but 
always  local;  while  they  offer  no  facts  on  which  a 
philosophical  geologist  can  safely  reason. 

The  intersections  of  veins  sometimes  produce  varia- 
tions in  the  nature  and  disposition  of  their  metallic 
contents;  but  these,  like  most  other  rules,  are  of  a 
local  nature.  It  is  also  said  that  masses  of  ore  are 
found  at  the  intersections  of  more  recent  veins,  and 
that  intersecting  veins  of  different  periods,  neces- 
sarily differ  in  the  nature  of  the  metals  which  they 
afford;  that  under  peculiar  modes  of  crossing,  they 
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become  more  productive,  under  others  less,  and  that, 
after  the  intersection  of  a  more  recent  vein,  the  me- 
tallic produce  of  the  antient  one  disappears.  The 
value  of  such  remarks  is  not  very  intelligible,  and  the 
same  proposition  is  often  both  true  and  false  at  the 
same  time.  Like  many  other  conclusions  of  a  si- 
milar nature,  their  chief  value  consists  in  warning  us 
not  to  rely  on  observations  guided  by  no  principles. 

There  is  one  observation,  however,  respecting  the 
variation  of  the  contents  of  metalliferous  veins,  which 
is  of  importance  towards  a  rational  theory  of  them ; 
if  indeed  it  should  prove  to  be  really  founded  on  facts 
sufficiently  extensive.  It  is  said  that  in  all  countries 
where  veins  traverse  strata  of  different  natures,  their 
metallic  contents  vary  with  some  relation  to  these; 
and  that,  in  the  same  vein,  the  vicinity  of  some  strata 
renders  the  vein  more  productive  than  that  of  others. 
•But  the  facts  are  neither  very  numerous  nor  very 
definite:  it  remains  to  be  proved  whether  they  arc 
not  swallowed  up  by  a  mass  of  exceptions.  It  is  said, 
that  in  a  vein  in  Cornwall,  passing  through  schist  and 
granite,  the  copper  is  found  in  the  former  and  the  tin 
in  the  latter  portion ;  that  similar  veins  are  poor  in 
the  schist  and  rich  in  the  granite;  that  veins  are  most 
productive  at  the  junction  of  the  schist  and  granite 
not  only  in  that  district  but  in  Silesia  and  elsewhere. 
There  is  not  one  example  of  this  nature  to  which 
there  are  not  exceptions  many  times  exceeding  them, 
for  which  the  reports  of  the  same  observers  may  be 
consulted. 

But  it  is  fruitless  to  record  all  the  observations 
which  have  been  made  on  these  subjects ;  since  the 
conclusion  would  be  to  draw,  as  might  equally  be 
done  without  them,  no  conclusions.  Whether,  as  to 
the  influence  of  strata  over  the  contents  of  veins,  anv 
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exception  ought  to  be  made  in  favour  of  Derbyshire, 
it  is  fruitles  to  ask,  till  miners  have  learned  to  observe 
more  accurately,  and  geologists,  discarding  their  sy- 
stems, shall  seriously  turn  their  attention  to  a  branch  of 
the  science  which  is  most  particularly  its  opprobrium. 

Of  the  Theory  of  Mineral  Feins. 

On  such  a  foundation  it  has  been  attempted  to  build 
theories  of  mineral  veins;  and,  as  usual  in  similar 
cases  where  the  love  of  truth  has  no  weight  against 
temper  and  vanity,  the  opposing  opinions  have  been 
maintained  with  a  vehemence  proportioned  to  the 
want  of  evidence.  Philosophy  would  shrink  into  a 
small  bulk  indeed,  were  Truth  its  object.  In  stating 
these  hypotheses  for  the  purpose  of  inquiring  into 
the  probability  of  either,  I  must  premise  that  the 
only  important  question  at  issue,  concerns  the  manner 
in  which  the  contents  of  the  veins  were  formed  and 
introduced. 

It  is  said,  on  one  hand,  that  the  materials  of  veins 
have  been  deposited  from  the  same  universal  solution 
whence  the  rocks  were  formed.  But  there  are  two 
modifications  of  this  aqueous  theory.  While  the 
rocks  were  in  the  act  of  being  precipitated,  the  veins 
were  undergoing  the  same  process ;  and  hence  they 
are  of  different  ages,  corresponding  to  those  of  the 
strata  in  which  they  lie.  How  such  an  operation  was 
effected  is  not  explained  ;  but  such  was  of  the  wor- 
shipped geology  and  chemistry  of  that  Germany  which 
founded  geological  science ;  founding  it  on  as  solid  a 
basis  in  all  else.  In  the  other  modification,  the  fissures 
were  formed  in  the  rocks  by  drying,  and  the  minerals 
were  precipitated  in  them  after  the  deposition  of  the 
rocky  materials.  He  who  can  measure  the  relative 
impossibility  of  two  impossibles,  may  take  his  choice- 
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When  geology  shall  have  forgotten  all  that  Freyberg 
taught,  it  will  have  a  clear  field. 

But  if  there  can  be  one  man  requiring  another 
answer,  the  precipitation  of  rocks  from  solution 
in  water  is  at  variance  with  the  laws  of  Chemistry, 
and  the  objection  would  still  he  fatal,  though  the 
rocks  had  been  produced  in  some  other  manner,  and 
the  production  of  veirfs  alone  was  thus  to  be  ex- 
plained. Even  if  the  power  of  this  imagined  solvent 
were  granted  as  to  their  materials,  it  must  be  proved 
why  the  minerals  of  veins  were  not  deposited  every 
where  alike,  why  they  were  not  deposited  in  strata, 
why  they  were  directed  exclusively  to  fissures,  why  to 
a  few  of  these  in  distant  and  select  places,  and  why 
limited  also  to  partial  spots  in  the  same  vein. 

If  these  objections  are  unanswerable,  the  few  ar- 
guments from  facts  adduced  in  support  of  it,  will 
require  very  little  discussion.  If  many  of  the  sub- 
stances found  in  veins  are  the  produce  of  watery  so- 
lution, there  are  many  others  which,  as  far  as  we  yet 
know,  cannot  be  produced  in  this  manner,  as  I  shall 
hereafter  show.  It  has  been  argued  that  the  minerals 
of  veins  are  deposited  in  layers  parallel  to  their  sides, 
precisely  as  ought  to  have  happened  on  this  hypo- 
thesis. In  the  first  place,  the  fact  is  not  so,  except 
occasionally;  as  they  are  frequently  congregated  in 
irregular  lumps,  or  dispersed  among  the  other  mate- 
rials, or  wanting  for  considerable  spaces,  or  found 
lining  the  insides  of  cavities.  Neither  of  these  things 
should  occur,  according  to  the  hypothesis  ;  and  espe- 
cially, there  could  be  no  cavities  on  such  a  system  of 
deposition  from  above,  and  the  layers  of  minerals 
ought  rather  to  be  parallel  to  the  horizon  than  to  the 
walls  of  the  vein.  The  argument  derived  from  the 
presence  of  rounded  materials  in  veins  is  worthless.. 
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because  the  fact  itself  is  extremely  rare.  It  is  an  ex- 
ception instead  of  a  rule,  and  may  be  admitted  without 
involving  the  whole  hypothesis. 

Since  there  must  be  an  igneous  theory  to  oppose  an 
aqueous  one,  in  every  thing,  the  other  hypothesis 
maintains  that  the  contents  of  mineral  veins  were  in- 
jected from  below  as  granite  and  trap  have  been.  The 
arguments  for  it  rest  partly  on  this  very  analogy, 
partly  on  real  or  imaginary  chemical  facts  relating  to 
the  production  of  minerals  by  fusion,  partly  on  some 
mechanical  appearances,  and  partly  on  the  principle  of 
dilemma.  If  it  be  really  a  case  of  dilemma,  the  one 
horn  appears  as  fatal  as  the  other,  and  there  can  be  no 
theory  of  mineral  veins. 

The  argument  from  the  analogy  of  trap  and  granite 
veins  is  one  of  those  superficial  resemblances,  consist- 
ing in  words  rather  than  ideas,  which  it  is  painful  to 
find  in  the  writings  of  those  who  have  been  philo- 
sophers in  other  things.  It  may  be  conceded  that  the 
fissures  have  been  produced  by  the  same  subterranean 
changes  which  have  displaced  the  strata;  yet  this  ad- 
mission does  not  involve  a  concession  as  to  the  rest  of 
the  hypothesis.  The  presence  of  fragments  of  the 
including  rocks  in  the  veins,  which  has  also  been  used 
as  an  argument,  is  a  fact  of  no  further  value :  it 
proves  the  forcible  displacement  and  fracture  of  the 
strata,  but  nothing  more.  And  this  hypothesis  has 
forgotten,  that,  if  the  contents  of  these  veins  had  been 
injected  in  a  state  of  fusion,  the  fragments  so  often 
found  in  them  should  not  have  escaped  this  process. 
I  will  not  say,  as  has  been  objected,  that  clay  could 
not  have  existed  in  them  on  this  principle ;  because 
the  infiltration  of  water  may  decompose  portions  of 
the  veins,  just  as  deep  seated  rocks  are  converted  into 
clay.  As  to  the  chemical  arguments  derived  from  the 
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insolubility  of  many  of  the  contents  of  mineral  veins 
in  water,  and  their  production  from  fusion,  they  are 
founded  on  ignorance  of  Chemistry;  as  it  is  easy  to 
show  that  many  of  them  are  certainly  produced  from 
solution,  that  others  may  have  been  generated  in  this 
way,  and  that  some  of  them  could  not  have  been  con- 
solidated from  fusion.  I  shall  reserve  these  parti- 
culars for  the  end  of  this-chapter,  when  the  several  mi- 
nerals producible  in  either  mode  will  be  enumerated. 

Whatever  objections  may  be  made  to  the  aqueous 
hypothesis,  from  the  dispositions  of  the  minerals  in 
the  veins,  they  are  at  least  equally  valid  against  the 
igneous  one.  It  is  impossible  to  comprehend  how 
these  several  peculiarities  could  have  been  produced 
from  a  state  of  igneous  fluidity,  any  more  than  from 
a  state  of  solution.  It  has  also  been  said  by  the  sup- 
porters of  this  hypothesis,  of  whom  the  ostensible  one 
is  well  known,  that  the  absence  of  the  solvent  from 
the  veins  is  a  proof  that  their  contents  were  not  de- 
posited from  water.  It  has  commonly  been  supposed 
a  necessary  preliminary  to  correct  reasoning,  to  possess 
knowledge.  Geology  has  seemed  to  be  exclusively 
privileged  to  dispense  with  it,  and  thence  has  it  been 
what  it  is.  Calcareous  stalactites,  travertinos,  veins, 
quartz  veins,  chalcedonies,  amygdaloidal  nodules,  are 
deposits  from  solution,  and  the  water  is  equally  absent. 
If  this  is  meant  to  be  an  argument  from  dilemma,  the 
first  step  is  to  establish  the  necessity  of  the  alternative. 

Another  groundless  chemical  argument  has  been 
derived  from  the  mutual  impression  of  co-existent 
crystals  in  the  veins.  This  is  founded  on  the  nature 
of  granite  and  other  rocks,  crystallized  from  fusion  ; 
but  it  is  the  misapplication  of  a  fact,  through  similar 
ignorance,  equally  evinced  in  attempting  to  explain 
the  nodules  of  the  amygdaloids.  I  have  proved  else- 
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where,  that  the  mutual  impression  of  quartz,  chalce- 
dony, and  calcareous  spar,  occurs  in  these,  from  suc- 
cessive infiltration  and  crystallization  ;  and,  according 
to  the  order  in  which  these  substances  are  deposited, 
either  may  impress  the  other.  Thus  might  any 
number  of  minerals,  admitted  at  distinct  intervals  into 
cavities,  present  the  same  appearances  ;  and  even  in 
modes  much  more  complicated  than  from  any  simul- 
taneous crystallization  in  an  uniform  fluid  of  fusion. 
And,  in  reality,  though  the  inconceivable  chemical 
agencies  required  to  separate  all  the  minerals  of  a 
compound  rock  from  solution  in  water,  have  been 
made  almost  a  subject  of  ridicule  against  the  sup- 
porters of  aqueous  theories  of  rocks,  that  is  much 
better  deserved  by  those  who  would  crystallize  all  the 
variety  of  earthy  and  metallic  minerals  found  together 
in  veins,  from  an  uniform  fluid  of  fusion,  as  the  che- 
mist who  is  acquainted  with  a  mineral  vein  well  knows. 
It  is  hard  that  even  the  chemistry  of  Geology,  where 
the  better  portion  of  Geology  is  Chemistry,  should 
have  been  settled  by  those  who  knew  nothing  of 
that  science.  But  such  has  been  the  fate  of  this 
unlucky  branch  of  Natural  history,  in  every  thing. 

Some  further  arguments,  as  much  mechanical  as 
chemical,  have  also  been  adduced  in  favour  of  the 
igneous  hypothesis.  It  has  been  said,  as  an  argument 
from  dilemma.,  that  on  the  aqueous  theory,  no  close 
veins,  or  deposits  of  minerals  surrounded  on  all  sides 
by  rock,  could  exist.  But  it  is  obvious  that  these  are 
equally  impossible  on  the  other  view  of  a  cause. 
Where  there  is  no  access  for  a  watery  solution 
there  is  none  for  an  igneous  fluid.  The  inventors  of 
"igneous secretion,"  applied  here,  as  to  the  nodules  of 
trap,  ought  really  to  explain  a  new  process  in  che- 
mistry; they  have  been  fortunate  that  their  opponents 
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did  not  possess  chemistry  enough  to  retort  the  ridicule 
which  they  have  not  themselves  spared.  If  mineral 
veins  have,  in  any  case,  been  filled  hy  secretion  from 
the  including  rocks,  there  can  be  no  choice  between 
a  process  which  is  proved  to  exist,  and  one  which  is 
unintelligible. 

It  has  also  been  said  that  the  solidity,  or  fulness, 
of  mineral  veins  could  have  happened  only  from 
igneous  injection ;  as  the  abstraction  of  the  water 
after  deposition,  must  have  left  cavities  or  vacuities 
of  some  kind.  With  no  small  want  of  reflection,  it 
has  further  been  asserted,  that  cavities  could  have 
been  formed  in  them  only  on  the  igneous  hypothesis, 
from  the  disengagement  of  elastic  fluids.  These,  it  is 
plain,  are  the  conflicting  statements  of  forge tfulness. 
The  fact,  such  as  it  is,  is  quite  as  explicable  on  the 
one  hypothesis  as  on  the  other,  and  is  alike  worthless 
to  both;  while  the  want  of  marks  of  gradual  and 
regular  deposition,  is  a  negative  which,  if  it  proves 
one  hypothesis  to  be  wrong,  does  not  render  the  other 
right.  Such  are  the  objections  to  an  hypothesis  which, 
however  it  might  be  deemed  a  necessary  part  of  the 
general  theory  to  which  it  belongs,  does  not  involve 
the  igneous  origin  of  granite  and  trap,  nor  the  eleva- 
tion of  the  strata  through  heat.  It  has  been  the  error 
of  this,  as  of  all  other  hypotheses,  on  all  subjects,  and 
at  all  times,  to  force  all  things  into  conformity  to 
itself,  without  regard  to  facts,  and  without  considering 
what  was  to  be  the  gain.  I  should  have  considered 
this  discussion  as  a  mere  waste  of  words  had  it  not 
been  for  the  strength  of  assertion  which  has  been 
brought  into  this  question  on  opposite  sides;  and  if 
it  proves  nothing,  it  must  be  recollected  that  to  show 
the  existence  of  falsehood  in  these  cases,  is  the  first 
step  towards  truth. 
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Of  the  Minerals  which  are,    respectively,  produced 
from  Solution  and  from  the  Action  of  Fire. 

It  remains  to  examine  by  chemical  and  minera- 
logical  experience,  how  far  any  of  the  substances 
found  in  mineral  veins  are  the  produce  of  crystalliza- 
tion from  watery  solutions,  and  in  what  cases  they 
are  crystallized  from  a  state  of  igneous  fluidity,  or 
from  sublimation.  If  our  information  is  still  incom- 
plete, a  general  view  will  be  sufficient  for  the  present 
purpose.  The  facts  themselves,  as  they  regard  the 
two  theories  which  have  been  examined,  are  singu- 
larly conflicting ;  though  as  far  as  they  offer  argu- 
ments for  either,  the  balance  is  palpably  in  favour  of 
an  aqueous  one,  under  some  form,  but  not  that  of 
Freyberg.  It  is  evident  that  these  are  the  facts  on 
which  any  future  hypothesis  must  chiefly  rest ;  what- 
ever further  considerations  may  be  required  for  ex- 
plaining the  various  other  circumstances  which  attend 
mineral  veins. 

In  inquiring,  first,  respecting  the  earthy  minerals, 
so  as  to  determine  those  which  may  be  produced  from 
watery  solution,  I  must  have  recourse  almost  entirely 
to  the  chemistry  of  nature  ;  as  the  limited  solubility  of 
the  earths  prevents  us  from  deriving  much  information 
from  our  own  circumscribed  experiments.  For  the 
sake  of  brevity,  I  have  thrown  them  into  the  form  of 
a  list ;  and,  to  save  repetitions  of  the  proofs  on  which 
their  aqueous  origin  rests,  these  may  be  given  in  a 
preliminary  form. 

The  formation  of  quartz,  chalcedony,  and  calca- 
reous spar,  may  almost  be  witnessed ;  and  that  of  tbe 
latter,  in  particular,  is  so  rapid,  that  the  crystals  can 
often  be  seen  in  calcareous  caverns,  such  as  that  oi" 
Sky,  forming  like  common  salt,  while  it  if?  also  gene- 


396  ON    MINERAL    VEINS. 

rated  by  infiltration.  Chalcedony  is  produced  in  the 
latter  way,  quartz  in  both  ;  while  the  veins  of  quartz 
and  of  carbonat  of  lime,  are  generated  in  this  man- 
ner. I  have  also  already  proved  that  the  theory  of 
infiltration  explains  the  imbedded  nodules  of  the 
amygdaloids  ;  and  thus  there  is  established  a  conside- 
rable list  of  minerals  formed  by  means  of  aqueous  so- 
lution. That  which  takes  place  in  this  case,  may 
equally  happen  in  a  mineral  vein. 

Though  we  have  not  yet  proved  that  all  the  other 
earthy  saline  materials,  such  as  gypsum  and  barytes, 
are  produced  from  watery  solution,  chemistry  and 
analogy  both  render  it  very  probable ;  and  these  may 
therefore  be  added  to  the  aqueous  list,  with  little 
hazard  of  error ;  certainly  with  much  less  than  they 
could  be  referred  to  an  igneous  origin.  Lastly,  we 
may  possibly  also  refer  to  the  same  division,  those 
which  are  found  associated  or  imbedded  in  quartz, 
as  disthene  is  ;  though  such  cases  as  this  are  far  more 
questionable. 

The  list  constructed  from  these  various  kinds  of 
evidence  will  therefore  contain  the  following  minerals, 
and  possibly  many  more ;  and  it  is  here  divided  under 
these  several  heads  of  more  or  less  unexceptionable 
proof.  I  do  not  add  those  which  are  imbedded  in 
primary  limestone  ;  because  it  is  more  than  probable, 
that  these  have  undergone  the  process  of  fusion  ;  in 
which  case  their  imbedded  minerals  must  be  referred? 
as  those  of  granite  are,  to  an  igneous  origin. 

Saline  Minerals. 

Carbonat  of  Lime  Carbonat  of  Barytes 

Fluat  of  Lime  Sulphat  of  Barytes 

Gypsum  Carbonat  of  Stroritian 

Brown  Spar  Sulphat  of  Strontiau 

Arragoiiite  Boracite 

Wavellite. 


ON    MINERAL    VEINS.  397 

With  respect  to  some  of  these,  it  will  be  perceived 
that  the  proofs  are  complete,  as  they  are  found  in  the 
following  division. 

Minerals  of  the  Amygdaloids. 

Quartz  ;    including  amethyst  Brown  Spar 

Chalcedony,  in  all  its  varieties  Mesotype 

Opal  Nadelstein 

Snlphat  of  Barytes  Leucite 

Fluor  Spar  Snlphat  of  Strontian 

Olivin  Prehnite 

Epidote  Laumonite 

Mica  Ichthyophthahnite 

Chlorite  Harmotome 

Steatite  Analcime 

Lithomarge  Stilbite 

Chlorophaeite  Chabasite 

Conilite  Arragonite 

To  which  may  he  added,  as  found  sometimes  in 
quartz  which  is  apparently  of  aqueous  origin, 

Disthene  Tremolite 

Epidote  Tourmalin 

Actiaolite 

and  as  found  in  Calcareous  spar, 

Emerald 

I  have  limited  this  list  of  aqueous  minerals  to  those 
which  are  supported  by  the  proofs  above  mentioned  ; 
but  if  those  also  had  been  enumerated  which  are 
found  associated  together  in  cavities  of  veins,  where 
one,  or  more,  of  the  number  consists  of  minerals  de- 
cidedly aqueous,  it  might  have  been  considerably  ex- 
tended. The  mineralogical  reader  who  is  thus  fur- 
nished with  the  principles  on  which  this  catalogue  has 
been  constructed,  may  easily  extend  what  I  need  not. 

In  examining  now  the  metallic  minerals,  so  as  to 
determine  which  of  them  may  have  been  formed  from 
aqueous  solutions,  I  may  first  have  recourse  to  direct 
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experiments,  and  to  analogies  drawn  from  these.  The 
ready  means  which  chemistry  affords  for  producing 
many  of  these  substances,  render  these  artificial 
proofs  much  more  complete  than  in  the  case  of  the 
earthy  minerals.  The  proof  from  nature  is,  as  in 
the  former  case,  drawn  from  their  association  with 
the  earthy  minerals  already  proved  to  be  of  aqueous 
origin.  That  association,  and  the  consequent  proof, 
is  often  very  accurate,  because  the  metallic  is  im- 
bedded in  the  earthy  mineral  ;  crystallized  within  an 
earthy  crystallized  one,  as  Rutile  is  in  quartz,  or  else 
disposed  in  strata  of  aqueous  origin,  such  as  shale 
and  secondary  limestone,  which  have  not  undergone 
the  action  of  fire. 

The  natural  proofs  are  not  quite  incontrovertible 
when  the  metallic  minerals  are  merely  associated  in 
the  cavities  of  veins  with  those  earthy  ones  which  are 
of  aqueous  origin.  Yet  they  are  perhaps  sufficiently 
strong ;  particularly,  as  many  of  these  are,  in  reality, 
substances  which,  in  other  cases,  carry  much  more 
decided  proofs  with  them,  either  from  other  natural 
associations,  or  from  chemical  experiments  and  ana- 
logies. As  the  present  remarks  are  not  offered  as  in- 
cluding a  series  of  positive  facts  on  which  a  theory  is 
to  be  erected,  but  merely  as  indicating  the  road  to  be 
followed  in  attempting  to  explain  the  origin  of  mi- 
neral veins,  any  doubtful  particulars  can  be  of  no 
moment.  The  observations  will  answer  all  that  is 
intended,  if  they  turn  the  attention  of  mineralogists 
to  a  subject  which  ought  to  have  been  examined  by 
those  who  have  proposed  theories  of  this  nature  ;  and 
who,  in  this  case,  seem  to  have  proceeded  by  invert- 
ing the  rules  of  philosophy.  It  will  hereafter  be  seen 
that  some  minerals,  both  earthy  and  metallic,  have  a 
•double  origin,  or  are  formed  both  from  fusion  and 
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solution  ;  so  that,  perhaps,  some  of  these,  such  for 
example  as  those  which  are  included  in  carbonat  of 
lime,  may  possibly  be  exclusively  of  igneous  origin. 
In  examining  the  chemical  evidence,  it  will  be  con- 
venient to  class  the  metallic  minerals  according-  to 
their  leading  relations  of  this  nature  ;  as  I  do  not  in- 
tend to  investigate  every  complicated  species  or  variety 
which  mineralogists  have  described.  The  following 
classification  will  answer  the  present  purpose. 

METALS  ;    including  the  alloys. 

OXYDES  j    whether  simple  or  complicated. 

SALTS  j  comprising  Carbonats,  Sulphats,  Muriats,  Phosphats, 
Arseuiats,  Molybdats,  Tungstats,  Chromats  and  Silicats  : 
or  combinations  of  more  than  one  of  these. 

SULPHURETS  ;    simple  or  complicated. 

PHOSPHUKETS. 

We  do  not  yet  know  how  many  metals  can  be 
separated  from  their  solutions  in  a  metallic  state;  but 
gold,  silver,  copper,  and  lead,  can  be  procured  in  this 
manner  with  great  facility.  These  may  therefore  be 
metals  of  an  aqueous  origin.  Possibly  this  may  hap- 
pen to  many  others ;  from  deoxydating  processes  in 
nature  which  we  either  have  not  examined,  or  which 
may  be  unattainable  in  our  own  experiments. 

All  the  metallic  oxydes,  which  involve  a  large 
number  of  these  minerals,  can  be  procured  in  the 
same  manner;  at  least  in  a  powdery  state,  If  arti- 
ficial chemistry  has  not  yet  contrived  to  obtain  these 
in  a  crystallized  form,  it  must  be  recollected  that  we 
cannot,  like  Nature,  command  the  element  of  Time. 
Yet  perhaps  the  case  of  oxydulous  iron,  which  may 
be  procured  from  the  mnriat  by  dissipating  the  acid, 
may  be  esteemed  an  instance  in  point;  though  the 
application  of  heat  is  necessary  for  this  purpose. 
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If  chemistry  has  not  yet  formed  every  complicated 
salt  that  is  found  in  the  list  of  metallic  saline  minerals, 
it  has  produced  so  many,  that  we  may,  with  little 
hazard  of  error,  consider  the  aqueous  process  as  fully 
competent  to  the  production  of  the  whole.  That 
Nature  can  exhihit  some  of  them  in  a  crystallized 
form,  such  as  the  phosphat  of  iron,  when  we  can  ob- 
tain  them  only  in  a  powdery  one,  must  he  referred  to 
the  cause  just  noticed:  namely,  the  rapidity  of  our 
operations  and  the  slowness  of  hers.  As  to  the  silicats, 
our  acquaintance  with  the  real  nature  of  this  com- 
hination,  or  the  exact  mode  in  which  silica  acts  the 
part  of  an  acid,  is  as  yet  so  recent  and  imperfect,  that 
no  opinion  can  at  present  be  given  respecting  them. 

The  igneous  theory  of  metallic  veins  was  supposed 
to  be  supported  by  an  incontrovertible  argument  de- 
rived from  the  sulphuret  of  iron,  which,  it  was  asserted, 
could  not  be  formed  from  aqueous  solution  ;  and  the 
same  rule  was  therefore  extended  to  all  the  other  sul- 
phurets.  So  far  is  this  from  being  true,  that  Nature 
does  produce  it  from  aqueous  solutions,  abundantly. 
In  art,  it  can  be  procured  by  the  mere  repose  of  the 
Serum  of  blood,  and  from  the  decomposition  of  sul- 
phat  of  iron  by  animal  matters.  Other  metallic  sul- 
phurets  may  probably  be  formed  in  the  same  manner; 
it  is  a  subject  that  requires  to  be  investigated  by  those 
who  may  have  leisure.  These  combinations  can  also 
be  procured  in  the  aqueous  method,  by  means  of  sul- 
phuretted hydrogen ;  a  very  probable  agent  in  nature. 
In  these  latter  cases,  the  sulphurets  are  obtained  only 
in  a  powdery  form,  but  in  the  former,  the  iron  pyrites 
is  crystallized. 

Respecting  the  phosphurets,  our  direct  experience 
is  little;  and  I  need  only  remark,  that  the  analogies 
between  sulphur  and  phosphorus  are  so  strong,  that 
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phosphurets  might  probably  be  procured  in  the  moist 
way  as  well  as  sulphurets. 

As  to  the  evidence  from  nature,  derived  from  the 
intimate  association  between  certain  metallic  minerals 
and  the  earthy  ones  of  aqueous  origin,  the  chief  of 
these  latter  are  calcareous  spar  and  quartz,  Barytes 
and  fluor  are  less  conspicuous  in  this  respect.  The 
union  with  calcareous  spar  is  rather  more  frequent 
than  that  with  quartz :  but  as  these  different  earthy 
minerals,  and  particularly  quartz  and  calcareous  spar? 
frequently  occur  together,  it  is  not  necessary  to  dis- 
tinguish the  metallic  ones  which,  in  some  cases,  seem 
to  be  peculiarly  associated  either  with  the  one  or  with 
the  other.  The  following  list  therefore  contains  those 
which  are  found  in  these  associations,  arranged  ac- 
cording to  their  chemical  natures  and  under  the  most 
general  terms. 

Metals  and  Alloys. 

Gold  Bismuth 

Silver  Tellurium 

Arsenical  Silver  Silver ;  Amalgam 

Iron  Antimony 

Copper  Arsenical  Pyrites 

Arsenical  Cobalt  Arsenical  Nickel. 

Oxydes, 

Copper  ;    black,  and  red  Arsenical  Oxyde 

Iron  ;   Hematite  Uranium ;  green,  and  black 

Lead;   Minium  Manganese ;  red,  and  black 

Titanium;  Rutile,  Anatase        Cobalt;   red,  and  black, 

Salts. 

Silver;   Muriat  Iron;  Muriat,  Arseniat, 

Copper;  Muriat,  Arseniat,  Carbonat,  Phosphat, 

Phosphat  Tungsten ;   Wolfram 

Jjead ;  Phosphat,  Carbonat,  Zinc  ;    Carbonats 

Sulphat,  Molybdat  Bismuth;  Carbonat 

Titanium;  Silieat  (Sphene.) 

i.  p  p 
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Sulphurets. 

Silver  Zinc 

Copper ;  yellow,  gray  Arsenic.  Arsenic  and  Iron 

Lead.  Lead  and  Antimony          Antimony  5  red,  and  gray 
Mercury  j  brown,  red  Bismuth. 

Iron. 

The  minerals  which  seem  to  carry  the  evidence  of 
an  aqueous  origin  in  their  forms,  are  the  following. 

Earthy  Phosphat  of  Iron  Stalactitical  Manganese  oxyde, 

Stalactitical  Haematites  red  and  black 

Bog  iron  ore  Stalactitical  Calamine 

Iron  stone  Stalactitical  pyrites,  whether 

Malachite  of  iron  or  copper. 

The  last  list  contains  the  minerals  found  in  secondary 
strata,  of  aqueous  deposition,  and  which  do  not  ap- 
pear to  have  experienced  the  influence  of  fire. 

Gold  Oxydulous  iron 

Quicksilver  Iron  pyrites 

Muriat  of  quicksilver  Hematites 

Sulphuret  of  quicksilver  Iron  stones  and  ochres 

Blue  carbonat  of  copper  Cobalt  j  black  oxyde 

Green  carbonat  of  copper  Manganese  5  black  oxyde. 

All  of  these  are  found  in  the  preceding  enumeration ; 
so  that  these  situations  only  offer  proofs  in  confirma- 
tion of  the  present  views. 

I  must  now  examine  the  minerals,  whether  earthy 
or  metallic,  which  are  the  produce  of  igneous  fusion 
or  of  sublimation  from  a  state  of  vapour.  The  evi- 
dences respecting  these  are  also  derived  from  two 
sources ;  from  chemical  experience,  and  from  their 
positions  in  rocks  which  are  known  to  be  the  produce 
of  fire.  These  last  may  be  limited  to  granite,  the 
porphyries  and  traps,  and  the  volcanic  rocks;  though 
there  seems  no  reason  to  doubt  that  gneiss,  micaceous 
schist,  and  some  other  primary  strata  might  be  added 
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to  those;  in  which  case  the  catalogue  might  be  still 
further  increased. 

The  earthy  minerals  which  may  be  modified  by 
artificial  fire,  or  which  undergo  the  action  of  heat 
without  destruction,  are  the  carbonats  of  lime,  barytes, 
and  strontian,  and  the  phosphat  of  lime.  Silica  is 
sublimed  in  a  crystalline  form,  as  I  have  proved.  Of 
the  metallic  minerals,  every  metal  may  be  sublimed 
by  artificial  heat;  and  they  all  admit  of  being  cry- 
stallized by  fusion.  All  the  sulphurets  can  be  fused; 
all  appear  capable  of  being  sublimed;  and,  probably, 
the  whole  can  also  be  produced  in  this  way,  by  a 
direct  combination  of  their  ingredients.  All  the 
oxydes  are  produced  from  the  metals  by  heat,  and 
some  of  them  admit  of  being  volatilized.  Under  these 
circumstances  also,  some  of  them  crystallize ;  as  is  the 
case  with  the  red  oxyde  of  copper  formed  in  the  ca- 
vities of  metallic  vessels  in  Pompeii.  It  is  probable 
that  some  of  the  metallic  salts,  the  arseniats  for  ex- 
ample, can  be  produced  in  this  way;  but  I  cannot 
quote  any  satisfactory  experiments  on  a  subject  which, 
in  all  its  bearings,  is  well  worthy  the  attention  of  those 
chemists  who  are  interested  in  geology,  and  whose 
leisure  is  greater  than  my  own. 

In  examining  the  evidence  which  nature  affords  on 
this  question,  the  following  is  a  list  of  such  earthy 
minerals  as  are  found  in  the  situations  above  men- 
tioned. It  is  probable  that  many  are  omitted;  as  no 
evidence  but  what  seemed  unexceptionable  has  been 
taken;  and,  in  examining  the  entire  catalogue  of 
minerals,  it  will  easily  be  found  that  there  are  some 
of  which  the  origin  still  remains  uncertain,  and  which 
are  therefore  excluded  both  from  the  aqueous  and 
the  igneous  lists. 

D  D  2 
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Quartz  (by  fusion 

and   by  sublima- 
tion) 
Felspar 
Mica 

Hornblende 
Actinolite 
Chlorite 
Steatite 

Serpentine 

Chrysoberyl 

Epidote 

Apatite 

Finite 

Idocrase 

Antbophyllite 

Andalusite 

Stilbite 

Jade 


Earthy  Minerals. 

Fettstein  Schorl 

Talc  Tremolite 

Opal  Emerald 

Chrysoprase  Gabbronite 

Hatiyne  Wernerite 

Meionite  Pyrophysalite 

Sommite  Lapis  lazuli 

Leucitc  Asbestos 

Pseudo  sommite  Hypersthene 

Pleonaste  Diallage 

Garnet  $  ^UK^ 

Cyanite  *  Sahlite 

Zircon  Peridot 

Fluor  spar  Melilite 

Spodumene  Tabular  spar 

Corundum  Melanite 

Beryl  Idocrase 

Topax  Ice  spar 

Tourmalin  Arragonite 

Together  with  some  other  volcanic  minerals  which 
are  yet  ill  defined.  And  the  metallic  minerals  thus 
found,  are  the  following. 

Copper  Sphene 

Oxydulous  iron  Iron  pyrites 

Galena  OxydeofTin 

Graphite  Snlph.  Molybdena 

Chromat  of  Iron  Gold. 

Such  is  the  balance,  as  far  as  it  yet  appears  possible 
to  construct  a  tolerable  list  of  this  nature,  between  the 
aqueous  and  the  igneous  minerals.  It  would  be  highly 
improper,  at  present,  to  deduce  from  it  any  conclu- 
sions respecting  a  theory  of  mineral  veins.  For, 
though  all  the  minerals  of  these  were  aqueous,  or  all 
igneous,  we  are  equally  at  a  loss  to  conjecture  whence 
they  came  and  how  they  are  so  limited  and  so  dis- 
posed as  they  are  in  veins.  It  might  indeed  be  con- 
sidered an  argument  in  favour  of  an  igneous  theory, 
that  the  mines  of  Nagyag  lie  in  volcanic  rocks.  But 
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it  is  evident  that  this  fact  proves  no  more  in  this  case 
than  in  that  of  granite  or  trap ;  since,  in  all  of  these 
rocks  alike,  aqueous  infiltration  takes  place,  as  well 
into  the  veins  as  into  the  volcanic  and  trap  amyg- 
daloids. 

But  it  is  here  worthy  of  remark,  that  of  the  earthy 
minerals  actually  found  in  mineral  veins,  there  are 
more  of  an  aqueous  than  of  an  igneous  origin;  al- 
though there  are  many  more  igneous  than  aqueous  mi- 
nerals in  nature.  With  respect  to  the  metallic  ones,  the 
difference  is  still  more  in  favour  of  the  aqueous  mi- 
nerals. That  many  of  hoth  kinds  have  a  double 
origin,  is  only  one  out  of  the  numerous  difficulties 
that  beset  this  subject.  These  are,  in  fact,  such,  and 
so  apparently  un surmountable  at  present,  that  a  pru- 
dent geologist  will  suspend  his  judgment  on  the  sub- 
ject; provided  he  does  not  also  suspend  his  inves- 
tigations. Both  the  theories  are  before  him,  and  he 
ought  to  try  the  facts  by  both,  not  by  one  only, 
to  the  exclusion  of  the  other.  In  this  pursuit  he 
ought  to  take  into  his  views  the  formation  of  minerals 
by  sublimation,  and  their  production  from  infiltration ; 
two  processes  which  have  been  neglected  by  former 
Theorists.  Not  however  that  these  will,  on  either 
side,  form,  in  themselves,  a  theory;  because,  even 
were  there  not  many  more  circumstances  at  present 
unintelligible  in  veins,  we  are  still  unable  to  explain 
whence,  on  either  hypothesis,  the  minerals  have  ar- 
rived at  their  present  places.  This  last  objection  ap- 
plies also  to  a  proposal  which  has  been  made  towards, 
explaining  the  formation  of  mineral  veins,  by  means 
of  galvanic  actions  occurring  between  the  vein  itself 
and  its  walls;  though  it  is  not  impossible  that  such 
causes  may  have  aided  in  producing  their  disposition-, 
or  modifying  the  minerals  themselves. 


406 

CHAP.  XX. 

On  the  geological  Relations  of  the  organic  Fossils. 

OF  all  the  appearances  which  the  earth  presents,  no- 
thing has  excited  more  attention  than  the  existence  of 
animal  bodies  in  the  strata  ;  while  the  air  of  mystery 
which  attended  it  stimulated  curiosity,  and  may  be 
said  to  have  laid  the  foundation  of  Geological  science. 
If  the  presence  of  animals,  once  submarine,  in  rocks 
and  on  lofty  mountains,  was  a  cause  of  wonder  and  a 
source  of  theories,  so  did  the  discovery  of  the  bones 
of  large  animals  lead  to  the  belief  of  pre-existing  races 
of  giants,  while,  in  both  cases,  philosophy,  with 
history,  sacred  and  profane,  were  perverted  to  find  ex- 
planations. 

The  increase  of  knowledge  has  given  a  very  dif- 
ferent complexion  to  this  subject,  and  a  more  rational 
direction  to  the  pursuit.  Yet  the  Geologist  seems  in 
danger  of  forgetting  that  it  is  but  one  part  of  his 
science.  Its  details  belong  to  zoology  and  botany  ; 
and  he  loses  sight  of  his  main  object  when  he  pursues 
these  minutiae  to  the  neglect  of  their  more  interesting 
connexions  with  the  history  of  the  globe.  Still  more 
deeply  does  he  err,  when  he  imagines  that  a  theory 
of  the  earth  can  be  founded  on  what  involves  so  small 
a  portion  of  its  structure  and  history.  It  is  doubtless, 
essential  to  know  these  objects ;  as,  to  arrange  and 
name  them  is  the  grammar  of  this  department.  But 
it  is  unfortunately  true,  that  whether  the  contempla- 
tion of  minutiae  disables  the  mind  for  wider  views,  or 
that  only  a  minute  mind  can  be  engrossed  by  such 
things,  the  power  of  profiting  by  collections  and 
their  study,  diminishes  in  proportion  to  their  extent 
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and  the  activity  of  collectors,  whether  it  be  in  natural 
history  or  books. 

The  true  business  of  a  Geologist,  here,  is  of  a  far 
higher  character.  It  is  to  determine  the  antiquity  of 
these  objects  and  that  of  the  earths  in  which  they 
lived,  the  waters  which  they  inhabited,  and  the  former 
places  of  those  ;  to  explain  why  they  are  now  im- 
bedded in  rocks  when  once  free,  why  elevated  on  the 
land  when  once  beneath  the  sea,  why  they  are  par- 
tially distributed,  and  far  more  ;  as  it  is  also  his  office 
to  see  how  these  things  explain  the  history  of  the 
earth.  If  found  in  alluvial  soils,  other  inquiries  of 
an  analogous  nature  arise,  relating  especially  to  the 
later  history  of  the  globe.  And  in  the  study  of  the 
objects  themselves,  if  he  undertakes  the  office  of  the 
zoologist  and  botanist,  it  is  his  business  to  compare 
the  dead  with  the  existing  races  ;  through  which  it 
is  his  own  proper  office  to  draw  inferences  as  to  the 
history  of  the  living  creations  of  the  Earth,  as  to  that 
of  the  Earth  itself. 

The  limits  and  nature  of  an  elementary  work  on 
Geology,  do  not  permit  an  examination  of  this  sub- 
ject as  it  belongs  to  Zoology  and  Botany :  a  treatise 
would  be  demanded  for  it,  and  that  would  also  be  a 
large  one.  I  have  already  published  a  skeleton  for 
such  a  work,  or  a  basis  on  which  those  details  might 
be  engrafted :  as  it  is  now  time  that  they  should  be 
collected  and  embodied.  For  the  objects  themselves, 
I  must  refer  to  that  and  other  well-known  books  ; 
especially  to  local  records,  and  to  professed  arrange- 
ments of  fossil  organic  bodies  ;  here,  I  must  confine 
myself  to  purely  geological  science,  as  much  as  pos- 
sible. And  that  will  also  be  more  useful  ;  for  while 
books  abound  on  the  fossil  bodies  themselves,  their 
geological  bearings  and  connexions  have  been  almost 
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entirely  neglected  in  those  works,  as,  from  that  neglect^ 
many  erroneous  conclusions  have  been  drawn  respect- 
ing the  history  of  the  earth,  and  also  of  those  objects 
themselves* 

It  may  interest  those  who  think  the  antiquities  of  a 
science  worth  studying,  to  name  some  antient  opinions 
on  this  subject:  the  record  of  folly  would  be  more 
valuable^  did  it  teach  ourselves  wisdom.  But  when 
we  smile  at  Ray  and  Lister  and  Bertrand  and  others, 
we  forget  the  greater  folly  and  ignorance  which  create 
and  destroy  oceans,  dissolve  rocks  without  water,  and 
fuse  them  without  heat.  If  these  fossils  were  thought 
to  be  formed  by  a  plastic  power  in  Nature,  this  was 
but  the  Greek  philosophy  which  Cudworth  had  bor- 
rowed. If  Lusus  Naturae  was  a  term  without  an 
idea,  cheating  by  the  semblance  of  knowledge,  we  are 
doing  the  same  every  day,  and  forget  to  note  it.  If 
the  seeds  of  shell  fishes  were  evaporated  and  con- 
veyed to  the  earth,  modern  physiology  does  not  yet 
see  on  how  many  points  it  will  hereafter  be  an  object 
of  equal  ridicule.  If  stones  themselves  grew  from 
seeds,  a  yesterday's  philosophy  produces  a  man  from 
a  monas,  and  dares  to  smile  at  the  self-growth  of  or- 
ganic fossils.  Forms  uniting  the  organic  with  the  in- 
organic world,  materials  prepared  for  living  beingsy 
these,  and  more,  can  be  paralleled  by  modern  hypo- 
theses. Voltaire's  reading  might  however  have  taught 
him  what  his  knowledge  of  nature  could  not ;  since 
Herodotus,  Strabo,  Pliny,  and  others,  had,  long  be- 
fore, formed  just  conclusions  on  this  subject.  The 
parent  philosophy  was  wiser  than  its  progeny,  for 
many  centuries,  in  this  and  far  more.  But  let  Ter- 
tullian  have  the  credit  which  he  deserves,  for  explain- 
ing the  positions  of  organic  fossils  through  the  de- 
luge. This  was  a  bold  and  a  grand  view  :  but  it  is 
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tfurs  to  remember  that   no  philosophy    will    endure 
which  is  not  founded  on  truth.     Enough. 

Of  the  general  Division  and  Nature  of  organic 
Fossils. 

The  great  and  obvious  divisions  are  into  marine  and 
terrestrial,  since  these  materially  concern  the  history 
of  the  earth  as  explained  by  these  bodies.  But,  under 
the  same  reference,  the  last  must  be  separated  into 
aquatic  and  terrene.  As  organic  bodies,  they  are 
divided  into  animals  and  vegetables  ;  the  latter  being 
rare  among  the  marine,  and  confined  chiefly  to  the 
terrestrial  deposits :  the  former  being  both  marine 
and  terrestrial,  and,  in  the  latter  division,  terrene  and 
aquatic. 

The  Lithophytes,  or  corals,  among  the  marine 
fossils,  form  the  basis  of  strata  of  high  antiquity  ; 
having  Originally  perhaps  resembled  the  coral  islands 
of  our  own  day.  That  they  should  be  mixed  with 
other  shells,  we  can  easily  understand ;  and,  when 
found  independent,  they  may  belong  to  alluvial  ma- 
rine deposits,  or  be  derived  from  demolished  rocks. 
The  testaceous  animals  constitute  a  much  larger  di- 
vision, as  their  produce  in  rock  also  far  exceeds  that 
of  the  former  ;  and  thus  also  do  they  occupy  a  much 
greater  range  among  the  strata.  The  crustaceous 
animals  are  comparatively  rare,  in  quantity  and  in 
variety.  This  is  explicable,  partly  by  retrospective  in- 
ferences derived  from  their  present  known  rarity, 
and  partly  by  the  tenderness  of  their  structure.  And 
this  last  fact  explains  the  still  greater  rarity  of  the 
fishes,  of  which  the  hard  parts  are  often  the  only  ones 
preserved.  If  the  cetaceous  fishes  are  also  rare,  we 
must  recollect  that  they  are  so  as  living  animals  :  and, 
of  these  and  the  last,  it  may  be  remarked  that  they 
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are  generally  found  in  the  more  recent  strata,  and 
commonly  under  peculiar  circumstances  formerly  ex- 
plained. Rocks  of  undisputed  marine  origin  do  not 
often  contain  amphibious  animals,  nor  do  these  abound 
anywhere.  There  are  however  tortoises  in  the  chalk, 
and  animals  of  the  Lizard  tribe  in  the  Lias  ;  itself  an 
amphibious  deposit,  as  I  shall  hereafter  suggest ;  at 
least  where  it  contains  snch  remains. 

Thus  does  this  race  connect  the  marine  and  the 
terrestrial  organic  fossils  of  an  animal  nature.  Among 
the  latter,  the  lithophytes  are  rare ;  and  if  milleporae 
occur  in  the  coal  strata,  the  inferior  beds  of  this  are 
amphibious.  Testaceous  animals  are  found  in  the 
fresh  water  strata,  just  as  in  the  marine  ones ;  but 
they  are  more  limited  in  variety  and  quantity,  and  the 
rocks  themselves  belong  either  to  the  coal  series  or 
the  tertiary  deposits  ;  otherwise  than  under  trans- 
portation, and  in  the  amphibious  lias.  Fishes  are 
also  found  in  the  same  strata ;  and  I  have  formerly 
pointed  out  the  sources  of  confusion  and  error  on 
this  subject. 

The  fossil  remains  of  terrene  animals  form  a  large 
class,  in  variety,  if  not  in  numbers ;  presenting  also 
a  peculiar  interest,  by  approximating  the  existing 
earth  with  its  last  preceding  condition.  If  we  extend 
the  rule  so  as  to  consider  every  buried  animal  as  a 
geological  organic  fossil,  they  preserve  the  chain  un- 
broken. By  transportation,  they  occur  in  marine 
strata  ;  and  they  also  exist  in  lacustral  ones  and  in 
alluvia.  Former  chapters  have  explained  much  that 
I  need  not  here  repeat  on  this  subject ;  and  it  only  re- 
mains to  add,  that  they  are  sometimes  found  in  modern 
rocks,  produced  like  Travertine,  or  from  fragments. 
The  remains  themselves  comprise  quadrupeds,  birds, 
reptiles,  and  insects,  to  which  I  may  again  add  amphibia. 
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If  it  was  once  thought  that  the  Elephant,  and  other 
remains  of  Italy  were  derived  from  animals  introduced 
by  the  Romans,  that  hypothesis  has  passed  away.  In- 
sects could  not  be  common ;  but  they  are  likely  to 
prove  more  numerous  when  the  lacustral  deposits  to 
which  they  belong  are  better  known.  They  have  been 
found  at  Nicholschitz  in  Moravia,  at  Radebeg  in 
Croatia,  at  Sinigaglia  on  the  Apennine,  and  elsewhere; 
consisting  of  coleoptera,  hyrnenoptera  and  diptera,  and 
including  Libellula,  Cimex,  grashoppers,  and  others. 

Vegetable  fossils  are  very  rare  in  the  marine  strata, 
as  marine  vegetables;  transported  terrene  ones  are 
far  more  common,  and  must  not  be  confounded  because 
of  their  situation.  Yet  confervse  and  fuci  have  been 
found  in  the  limestone  of  the  Alps  and  Apennines,  of 
Transylvania,  and  of  Christiania  in  Norway.  Com- 
pared to  these,  the  terrestrial  fossil  plants  abound  in 
variety  and  numbers :  occurring  where  they  might  be 
expected,  in  the  coal  strata  chiefly,  and  also  in  the 
tertiary  lacustral  deposits.  The  former  are  palustral, 
if  not  aquatic,  and  are  preserved  in  their  places.  They 
must  be  distinguished  from  the  more  properly  terrene 
ones  which  have  undergone  transportation,  and  which 
occur  in  the  alluvial  deposits  often  confounded  with 
the  tertiary.  And  I  must  lastly  here  include  the 
superficial  fragments  of  vegetables  petrified,  such  as 
occur  in  Antigua  and  at  Madras,  in  Africa  as  described 
by  many  travellers,  and  in  New  Holland,  as  mentioned 
by  Collins. 

Of  the  Conditions  in  which  organic  Fossils  occur. 

Shells  are  often  found  in  sand,  dry  and  fragile,  as 
if  calcined;  having  lost  their  animal  matter.  In  other 
cases,  that  animal  bond  is  preserved,  as  are  even  their 
colours,  well  known  in  the  Lumachella  marble;  while 
similar  variations  occur  in  the  case  of  bones  and  teeth, 


412  ON  THE  GEOLOGICAL  RELATIONS 

Sometimes,  the  most  delicate  parts  of  the  shell  are  per- 
fect, even  to  the  membrane  of  the  hinge,  while  in  others 
they  are  compressed  or  broken,  and  even  dissevered 
and  dispersed.  The  causes  of  all  this  are  sufficiently 
obvious.  The  animal  matter  of  fishes  is  rarely  pre- 
served, as  I  already  noticed;  and,  of  the  quadrupeds 
and  cetacea,  only  the  bones  are  found,  except  in  the 
rare  and  peculiar  cases  elsewhere  described. 

Though  casts  and  impressions  cannot  be  called 
organic  fossils,  they  are  equivalent  records.  They 
need  not  be  here  distinguished,  being  essentially  the 
same.  In  the  case  of  leaves,  there  is  often  no  other 
record.  In  shells,  the  interior  cast  is  a  model.  It  is 
often  difficult  to  account  for  the  disappearance  of  the 
organic  body  in  these  cases ;  as  the  stone  must  have  been 
previously  indurated,  when  the  cast  is  perfect,  and 
we  do  not  see  how  that  should  remain  when  the 
model  was  destroyed.  In  the  calcareous  rocks,  where 
the  shell  has  combined  with  the  stone,  there  is  no 
difficulty.  And  in  this  case  also,  the  animal  matter  is 
sometimes  diffused  through  the  rock,  producing  the 
fetid  limestones;  a  fact  occurring  too  in  the  case  of 
fishes.  The  ammonites  are  sometimes  filled  with  sand, 
and  the  shell  itself  is  silicified :  yet  when  a  shell  is 
filled  with  ftint,  it  remains  calcareous,  and  is  sometimes 
crystallized,  assuming  at  least  a  fibrous  structure.  In 
the  former  also,  the  siphunculus  sometimes  remains 
when  the  shell  has  disappeared. 

In  the  ligneous  fossils,  the  wood  is  replaced  by 
sandstone,  but  the  bark  often  remains,  converted  into 
coal.  Such  are  the  well-known  fossils  of  the  coal  strata. 
In  some  cases,  especially  in  the  minuter  fossils,  the  wood 
is  converted  into  charcoal.  Leaves,  or  at  least  their  bark, 
have  become  coal:  they  are  often,  rather  drawings  than 
even  bas-reliefs  of  the  originals.  In  other  cases,  as  of- 
ten happens  in  shale,  the  bituminous  matter  is  diffused 
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through  the   rock,   and  nothing  hut   the  impression 
remains,  sometimes  with  a  mere  film  of  charcoal. 

What  is  called  petrifaction  is  another  condition  of 
organic  fossils,  much  more  rare,  if  we  adhere  to  a 
true  definition.  Where  this  process  is  perfect,  the 
organic  body  has  disappeared,  hut  its  form  is  preserved 
in  the  stony  matter,  often  to  the  very  anatomy;  espe- 
cially in  wood  and  coral  converted  into  chalcedony. 
In  other  instances,  the  process  is  incomplete,  or  a  part 
of  the  original  remains,  easily  discoverable  by  sulphuric 
acid,  when  not  visible,  especially  if  it  be  a  vegetable; 
as,  in  shells,  where  those  become  chert,  the  animal 
matter  is  sometimes  united  to  the  flint,  and  can  also 
generally  be  detected  by  chemical  means. 

Each  of  these  classes  of  bodies  are  petrified  by  sili- 
ceous and  by  calcareous  matter.     The  former  is  either 
quartz,  flint,  chert,  chalcedony,  or  opal :  and  the  other 
may  be  pure   carbonat   of  lime,   as   it  may  also    be 
argillaceous,  or  cherty.     If  shale  has  been  considered 
as  a  petrifying  substance,  its  produce  is  more  properly 
ranked  with    casts.     If  metallizations,    as    they   are 
termed,  are  to   be  included  here,  they  are  nearly  li- 
mited to  pyrites  in  the  animals,  though  sulphuret  of 
mercury  has  been  mentioned.     But  bog  iron  ore  and 
phosphat  of  iron  may  be  also  ranked  with  these  in 
the  case  of  vegetables.     I  know  not  that  bitiunini- 
zation  should  have  a  place  here ;  but  it  is  at  least 
an  analogous  fact,  to  which  some  writers  have  given 
a  place.     Lastly,  it  has  been  said,  that  ostreae,  gry- 
phites,  terebratuloe,   corals,  and   serpulse,  have  com- 
monly preserved   their   shelly  matter,  when    porcel- 
laniteS;  volutes,  and  others,  have  lost  it,  that  echinites 
and  encrinites  are,   particularly,   converted  into  cal- 
careous spar,  that  ammonites  and  others  vanish,  and 
that  belemnites  outlast  those  which  they  accompany, 
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presenting  also  a  radiated  crystallization.  But  these 
facts  are  not  sufficiently  generalized  to  allow  of  any 
conclusions:  if  there  are  such  leading  effects,  we  must 
probably  seek  the  causes  in  the  history  of  the  rocks 
themselves,  not  in  the  nature  of  the  organic  bodies. 

Incrustations  must  not  be  confounded  with  petri- 
factions. In  this  case,  the  organic  body  is  simply 
involved;  and  these  are  also  generally  of  recent  date. 
On  the  great  scale,  they  are  all  calcareous,  and  are 
without  interest,  except  where  they  occur  in  the 
travertines  of  Italy,  where  they  have  often  given  rise  to 
errors  of  moment.  But  there  are  two  of  a  different 
nature  which  demand  notice,  though  the  interest  is  of 
a  limited  nature. 

I  have  proved,  in  the  Geological  Transactions,  what 
had  been  denied,  that  minute  vegetables  were  pre- 
served in  chalcedony,  as  I  have  there  equally  proved 
it  of  insects.  These  are  the  so-called  moss  agates: 
but  care  must  be  taken  not  to  confound  chlorite  with 
these  remains,  it  being  the  cause  of  the  appearances 
resembling  confervae;  crystallizing  thus,  by  the  con- 
tinued superposition  of  its  scales.  In  my  collection, 
three  or  four  mosses,  one  possibly  a  Jungermannia,  and 
a  Lichen,  admit  of  no  dispute;  as  it  is  equally  easy  to 
account  for  the  fact,  by  the  familiar  infiltration  of 
chalcedony  into  open  cavities.  In  the  same  manner, 
insects  may  be  entangled;  and  thus  have  two  ex- 
amples occurred,  my  own  a  lepidopterous  Pupa.  It 
is  also  said  that  an  insect  has  been  found  in  menilithe. 
Insects  are  sometimes  also  incrusted  with  amber,  as  is 
familiar.  The  remains  in  chalcedony  may 'be  of  any 
modern  time:  but  those  in  amber  must  be  as  old  as 
the  lignites  of  the  older  alluvia  with  which  they  occur. 
The  explanation  of  this  is,  also,  easy:  the  substance 
is  the  resin  of  former  trees,  bituminized,  as  the  wood 
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lias  been :  and  this  explanation  of  the  real  nature  of 
amber,  so  long  disputed,  is  confirmed  by  the  semibi- 
tuminization  of  similar  resins  in  later  strata,  accom- 
panying, similarly,  semibituminized  wood,  as  I  for- 
merly explained  in  different  papers  on  these  subjects. 
The  existing  resins,  equally  including  insects,  resemble 
these  fossil  substances  so  much,  as  to  be  constantly 
sold  for  amber,  and  not  always  from  fraud,  but  from 
ignorance:  but  the  test  is  easy,  as  I  have  shown  in  a 
paper  on  this  subject  in  one  of  the  journals. 

Of  the  Rocks  in  which  organic  Fossils  occur. 

This  forms  an  important  question  in  geology :  they 
abound  in  some,  and  are  absent  from  others ;  while  it 
will  be  anticipated  that  they  should  occur  in  the  stra- 
tified, and  be  excluded  from  the  unstratified  rocks. 
And  such  is  the  fact.  No  one  has  imagined  that  they 
could  occur  in  granite ;  but  they  who  desired  to  make 
the  trap  rocks  of  aqueous  origin,  have  pretended  to 
find  them  in  those.  It  is  necessary  to  show  what  the 
error  and  the  truth  are.  Nor  can  they  be  expected  in 
Serpentine  or  in  Diallage  rock;  for  I  have  proved 
that  these  also  are  rocks  of  fusion. 

They  may  exist  in  the  tufas  of  this  family,  because 
these  are  conglomerates,  often  transported,  and  often 
aqueous:  It  is  the  very  case  of  Pompeii  in  another 
form ;  and  thus  is  bituminized  wood  found  under  and 
in  the  solid  trap  of  the  Western  Islands  of  Scotland ; 
but  when  in  the  latter  case,  it  is  found  in  the  midst  of 
entangled  tufas.  When  said  to  have  occurred  in 
basalt,  this  is  the  error  of  ignorance :  the  indurated 
shale,  or  Lydian  Stone,  beneath  it,  has  been  mistaken 
for  that  substance,  as  I  have  proved.  If  a  shell  should 
even  be  found  in  a  real  basalt,  as  has  been  said  to 
have  occurred,  this  is  possible,  because  basaltic  veins 
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often  entangle  fragments  of  limestone  ;  and  might 
thus  include  a  fossil  shell  also.  Such  an  occurrence 
will  probably  however  prove  rare,  as  it  will  also  leave 
the  present  rule  intact. 

If,  now,  the  stratified  rocks  do  not  always  contain 
organic  fossils,  the  reasons  for  the  exclusion  will  im- 
mediately appear,  in  each  case.  Generally,  these  are, 
that  some  strata  may  have  existed  before  the  creation 
of  organic  beings,  that  some  have  undergone  changes 
destructive  to  them  and  to  their  remains,  that  some 
earths  are  unsuitable  to  their  habits  as  places  of  resi- 
dence, that  deposits  of  stony  or  earthy  matters  must 
often  have  been  made  in  too  short  a  time  to  permit  of 
their  multiplication,  that  even  the  present  sea  does  not 
every  where  contain  the  living  beings,  and  that  there 
must  have  been  antient  situations  and  circumstances 
where  they  did  not  exist  as  such. 

Their  existence  in  the  strata  is  easy  of  explanation. 
The  marly  deposits  of  a  lake,  or  an  oyster  bank  in  the 
sea,  are  the  preparations  for  future  rocky  strata  of 
organic  fossils,  as  their  powder  forms  compact  lime- 
stones, and  their  sand  oolithes  ;  the  latter  produced 
daily  under  our  eyes.  It  is  equally  obvious  that  they 
must  predominate  in  limestones,  since  they  have 
generated  these,  and  that  they  should  occur  in  shale 
rather  than  in  sandstone,  because  living  shells  do  the 
same,  or  inhabit  mud  in  preference  to  sand.  If  they 
are  colonial  in  rocks,  so  are  they  in  the  sea ;  if  inter- 
mixed, we  have  still  their  living  models,  in  a  state  of 
intermixture.  The  secondary  marine  strata  are  thus 
their  principal  seats ;  and  why  they  should  occur  in 
the  tertiary  ones  and  the  alluvia,  is  too  obvious  to 
require  a  word.  If,  in  the  days  of  geological  igno- 
rance, they  were  thought  limited  to  the  secondary 
strata,  that  time  is  past :  though,  ever  unwilling  to 
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surrender  an  hypothesis,  and  tenacious  of  it  in  propor- 
tion to  its  weakness,  Geologists  have;  invented  the 
term  transition,  partly  to  preserve  this  fanciful  rule. 
They  are  abundant  in  the  latest  argillaceous  schists 
and  limestones  of  the  primary  series  ;  drawing  that 
line  at  the  old  red  sandstone. 

In  proceeding  to  consider  the  individual  strata,  I 
may  first  remark  that  organic  fossils  have  never  oc- 
curred in  gneiss  or  in  micaceous  schist;  as  was  to  be 
expected,  a£  least  in  the  predominant  cases,  from  the 
theory  of  those  rocks  formerly  given.  Yet,  as  the 
latter  rock  is  sometimes  formed  of  fragments,  it  is 
possible  that  they  should  be  found  in  it.  We  have 
no  right  to  decide  on  the  non-existence  of  animals 
during  this  early  stage  of  the  earth,  because  we  have 
not  found  them.  Though  this  rock  has  been  exposed 
to  heat,  the  shells  of  shale  are  not  always  obliterated 
under  the  same  circumstances.  If  we  make  rules  of 
this  kind,,  we  shall  never  search,  and  never  know : 
when  we  decide  from  negative  evidence,  we  make  our 
ignorance  the  measure  of  what  is.  This  negative 
evidence  as  to  an  early  creation  is  otherwise  worthless ; 
because,  even  in  the  secondary  strata,  organic  bodies 
are  seldom  found  in  siliceous  rocks,  and  because  there 
is  an  evident  comparative  rarity  of  animal  fossils  in 
retroceding,  as  would  be  proved  by  the  scarcity  of 
primary  limestone,  were  there  no  other  evidence. 

This  is  the  hypothetical  suggestion  of  a  doubt  as  to 
one  of  the  great  rules  of  Geologists :  it  must  now  be 
asked  whether  there  be  not  evidence  from  which  to 
conjecture  an  organic  creation  of  even  this  early  date. 
They  have  been  unwilling  to  seek  it,  on  account  of 
their  hypothesis,  or  even  to  admit  the  possibility,  when 
produced.  Anthracite  is  coal,  and  it  is  found  in  the 
oldest  rocks;  while,  under  this  hypothesis,  it  has  been 
VOL.  r.  E  E 
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esteemed  a  pure  and  proper  mineral  substance.  It  is 
not  carbon  under  its  semimetallic,  and  therefore  more 
obviously  mineral  form  of  plumbago,  at  least;  yet 
even  this  might  be  the  produce  of  vegetables,  since  it 
is  daily  formed  from  coal  in  the  Iron-furnace.  If 
Anthracite  is  not  to  rank  with  vegetable  coal  because 
it  contains  no  bitumen,  this  is  equally  true  of  un- 
doubted vegetable  coals,  in  Pennsylvania  and  else- 
where. And  therefore  the  early  anthracite  may  be, 
and  probably  is,  an  organic  produce,  and  the  record 
of  an  antient  vegetable  creation  ;  while  its  very  rarity 
is  an  argument  in  favour  of  this  supposition. 

Calcareous  concave  bodies,  precisely  resembling 
fragments  of  shells,  occur  in  hornblende  schist 
in  Scotland,  in  Glen  Tilt,  not  distinguishable 
from  those  of  the  basaltic  shales  :  had  they  been 
found  in  a  modern  shale,  no  question  would  have 
been  entertained  as  to  their  nature.  This  is  the 
more  remarkable ;  as,  under  no  other  circumstance, 
does  lime,  as  a  visible  ingredient,  occur  in  this  cry- 
stalline rock  of  fusion.  I  have  proved  that  hornblende 
schist  is  a  fused  slate ;  and  thus  might  it  as  well  con- 
tain shells,  under  that  fusion,  as  the  Lydian  stones, 
equally  fused  or  semifused,  so  often  do.  This  is  a 
second  evidence  of  an  early  creation,  the  first,  of  ve- 
getables, and  the  second  of  animals  ;  the  one  supports 
the  other,  and  they  are  confirmed  still  further  by  a 
third  fact.  These  are,  the  existence  of  orthoceratites, 
abundant  in  a  quartz  rock  in  Sutherland,  which  follows 
gneiss  and  is  connected  with  it.  And  I  consider 
this  evidence  to  be  as  perfect  as  we  are  entitled  to 
expect  on  such  a  subject,  from  the  researches  of  one 
individual,  under  the  neglect  of  all  other  observers.  In 
any  case,  where  no  previous  hypothesis  to  the  con- 
trary had  existed,  no  one  would  hesitate  in  receiving  it, 
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If  a  recent  geologist  has  undertaken,  in  the  last 
ease,  to  explain  otherwise  what  he  never  saw,  because 
he  preferred  autient  ignorance  to  modern  truth,  he 
has  also  forgotten  that  the  secondary  and  the  primary 
strata  never  can  undergo  a  joint  undulation :  he  could 
not  have  been  ignorant  to  this  extent,  though  his  re- 
searches had  been  confined  to  the  recent  strata:  it  has 
been  the  oversight  of  anxiety  for  an  hypothesis.  And 
geologists  would  be  better  employed  in  seeking  for 
new  truths,  than  in  determining  what  is,  because  they 
think  that  it  ought  to  be.  If  this  is  to  be  the  rule,  all 
observation  is  useless  :  he  who  has  seen  nothing  be- 
comes the  interpreter  of  everything,  and  interprets  as 
he  had  previously  statuted  to  do :  Geology  is  attained, 
and  we  may  rest  from  our  labours.  But  if  it  is  thus 
to  become  a  Science,  it  is  the  first  that  ever  succeeded 
through  this  road.  I  owe  this  remark  to  the  Geolo- 
gical student,  whom  I  have  undertaken  to  teach  in  all 
that  I  know  myself,  and  whom  it  is  my  duty  to  guide 
where  he  has  been  misled. 

Organic  fossils  ought  to  be  found  in  the  primary 
limestones ;  and  they  are  so,  if  we  exclude  the  false 
distinction  already  noticed.  If  they  do  not  occur 
in  the  oldest  ones,  the  explanation  is  easy.  This  sub- 
stance is  remarkably  fusible;  and  I  have  shown 
that  it  has  been  locally  fused  by  Trap,  in  Sky  and  the 
Isle  of  Man,  to  the  obliteration  of  those  fossils  which 
abound  in  other  parts  of  the  same  stratum.  And  the 
earlier  limestones  have  been  most  exposed  to  heat. 
The  occurrence  of  organic  fossils  in  the  argillaceous 
schist  is  notorious.  And  this  terminates  the  primary 
series :  while  the  conclusion  is,  that  it  does  contain 
organic  fossils,  abundantly  in  its  upper  parts,  with 
sufficient  indications  in  its  lower  ones;  thus  pointing 
to  a  living  creation  as  old  as  any  rocks  that  we  know, 
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while  the  causes  of  a  scanty  evidence  of  this  kind  are 
obvious.  We  may  allow  that  the  living  animals  were 
less  numerous  and  abundant  at  the  earlier  periods; 
and  the  rarity  of  primary  limestone  is  a  sufficient  proof 
of  this ;  but  that  is  all.  And  if  also  the  whole  of  the 
primary  series  was  formed  beneath  the  water  at  one 
period  of  repose,  as  appears  true  from  the  parallelism 
of  the  strata,  it  would  be  an  extraordinary  conclusion 
that  a  creation  should  have  occurred  late  in  that  pe- 
riod, and  not  at  its  commencement,  as  has  been  the 
case  apparently  in  all  the  successive  ones. 

In  the  secondary  series,  organic  bodies  are  rare  in 
the  lowest  sandstone.  And  this  is  intelligible,  because, 
at  so  early  a  date  after  a  great  revolution,  they  could 
not  have  abounded  in  the  ocean  ;  while  it  is  probable 
also  that  much  of  this  deposit  consists  of  antient  ter- 
restrial alluvia,  produced  in  a  manner  I  shall  hereafter 
explain.  Hitherto,  with  the  probable  exception 
of  Anthracite,  every  fossil  is  marine ;  and  this 
continues  through  the  next,  or  mountain  limestone, 
where  they  become  abundant ;  because,  like  all  other 
secondary  limestones,  it  has  been  formed  from  their 
remains,  as  it  could  not  indeed  have  been  produced 
from  any  other  source.  But  here  the  exclusion  ter- 
minates, and  here  also  commence  terrestrial  vegetables 
as  well  as  animals.  Whether  they  existed  as  living 
ones  before  this,  we  do  not  know;  and,  again,  ought 
not  to  decide  that  they  did  not,  from  negative  evidence. 

The  coal  strata  are  here  the  great  depository  of 
terrestrial  organic  fossils;  of  plants  and  fresh- water 
shells :  and  I  need  not  distinguish  these  strata  further, 
than  to  say  that  the  fossils  occur  chiefly  in  the  shales, 
and  in  the  limestones,  when  any  are  present;  as  ve- 
getable fragments  in  the  shape  of  charcoal  are  found 
in  the  coal  itself.  In  the  rnagnesian  limestone,  they 
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are  limited  in  number,  and  are  again  marine.  The 
red  marl  sandstone,  like  the  inferior  one,  contains 
very  few:  and  there  may  be  special  reasons  for  this, 
since  there,  are  peculiarities  respecting  this  stratum, 
which  I  shall  speak  of  hereafter.  I  have  already 
noticed  the  intermixture  of  terrestrial  and  marine 
remains  in  the  lias  series;  and  if  it  is  at  present  one 
of  the  supposed  geological  difficulties,  this  will  be  a 
subject  for  after  inquiry.  That  series  has  been  more 
boldly  described  than  well  understood;  as  it  has 
been  confidently  transferred  to  other  countries, 
under  the  favourite  hypothesis  of  universal  for- 
mations. It  is  scarcely  necessary  to  proceed  further 
in  the  same  detail.  Organic  fossils  ought  to  occur 
abundantly  in  the  equally  abused  and  hypothetical 
Oolithe,  and  they  do  so:  as  they  do,  much  less  abun- 
dantly, in  the  no  less  hypothetical  Green  sand,  be- 
coming, finally,  abundant  in  the  Chalk. 

I  have  only  to  remark  lastly,  of  all  these  strata,  that 
these  fossils  are  occasionally  absent  in  some  places 
while  abundant  in  others ;  but  that  all  these  differences 
can  be  explained  through  simple  considerations,  which, 
after  all  that  I  have  already  said,  it  would  be  super- 
fluous to  suggest. 

So  recently  as  I  have  described  the  tertiary  forma- 
tions, I  need  not  repeat  what  concerns  them  in 
this  respect.  The  alluvial  soils  contain  the  chief 
remains  of  the  larger  and  more  perfect  ter- 
restrial animals,  yet  very  partially  situated ;  and  I  need 
not  here  distinguish  among  the  qualities  or  origins  of 
these,  nor  at  present  notice  such  remains  of  mixed 
origin  as  they  may  include.  With  the  loose  alluvial 
matters  may  also  be  comprised  what  I  have  here 
termed  alluvial  rocks,  however  existing.  And  those 
which  have  been  formed  in  fissures  or  cavities,  or  in 
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any  other  manner,  from  cemented  fragments,  such  as 
the  organic  rocks  of  Gibraltar  and  of  Dalrnatia, 
abound  in  the  remains  of  terrestrial  animals,  as  the 
Travertines  often  contain  vegetable  and  terrestrial 
shells.  If,  lastly,  I  may  include  among  the  alluvial 
deposits,  those  loose  substances  found  in  caverns, 
these  are  also  the  frequent  notorious  repositories  of 
some  of  the  most  remarkable  animal  remains  which 
have  been  discovered.  Arriving  above  the  later  gravel 
and  sand;  and  at  the  peat,  the  fossil  remains  intro- 
duce us  to  our  own  living  world.  And  thus  also  are 
we  introduced  to  it  by  the  fossil  shells  of  recently 
drained  or  existing  lakes,  and  by  those  terrestrial  and 
superficial  deposits  of  shells,  resembling  soft  chalk 
intermixed  with  these  objects,  the  existence  and  na- 
ture of  which  I  first  pointed  out  in  Perthshire,  to 
those  who  have>  many  years  afterwards,  made  the 
"  original  discovery."  The  celebrated  human  ske- 
letons of  Guadaloupe  are  the  same  geological  fart  in 
another  form  :  a  recent  oolithe  is  but  an  indurated 
alluvium. 

Of  the  Order  of  Succession  and  relative  Antiquity  of 
organic  Fossils. 

It  has  been  supposed  that  a  certain  order  existed 
among  the  species  of  organic  fossils,  under  relations 
to  a  definite  succession  among  the  strata ;  but  this 
includes  two  points  of  considerable  importance,  the 
one  relating  to  the  organic  creation  itself,  the  other 
to  its  geological  relations.  The  last  will  form  a  se- 
parate section  hereafter. 

I  shall  not  insult  the  common  sense  of  the  reader 
by  retailing  the  dreams  of  writers  respecting  organic 
molecules  and  the  gradual  improvement  of  species. 
For  this  miserable  progeny  of  an  atheistical  Greek 
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philosophy,  he  may  consult  Lamarck,  De  Maillet,  and 
others  :  to  be  ingenious  were  something,  and  there 
is  attraction  in  novelty  ;  but  fiction  and  folly  that  are 
alike  dull  and  stale,  do  not  deserve  even  criticism. 
But  more  sober  inquirers  have  conceived  that  the 
earlier  species  of  animals  were  less  perfect  than  the 
more  recent,  and  have  imagined  a  gradual  improve- 
ment in  their  organizations ;  as  they  have  further 
presumed  on  a  gradually  increasing  number  of 
genera  and  species.  These  questions  must,  how- 
ever, be  determined  by  facts,  not  by  speculative 
reasonings.  It  is  plain  that  any  theory  of  this  nature 
must  labour  under  the  radical  fault  of  deficiency  of 
evidence.  Though  we  follow  a  succession  according 
to  the  order  of  the  strata,  it  teaches  nothing  on  these 
subjects,  because  of  its  imperfection,  particularly  in 
the  more  remote  strata,  where  we  know  not  what  has 
existed.  If  we  even  suppose,  as  has  been  said,  that 
the  first  animals  were  solely  marine,  and  limited  to 
corals  and  shell  fishes,  there  are  not  facts  to  prove 
this.  All  the  strata  were  formed  under  the  sea,  and 
could  contain  only  marine  remains,  except  under  rare 
accidents.  It  will  be  so  in  the  rocks  now  forming. 
The  animals  thus  supposed  exclusive  have  also  pecu- 
liar powers  of  durability,  while  the  higher  organiza- 
tions are  perishable ;  especially  so  under  such  changes 
as  the  earlier  rocks  have  undergone ;  so  that,  for  all 
which  this  imaginary  evidence  proves,  the  earlier 
ocean  might  have  teemed  with  as  great  a  variety  of 
life  as  the  present  one,  as  there  might  also  have  been 
an  inhabited  earth.  I  repeat  what  I  have  often  urged 
before :  we  are  trying  to  measure  truth  by  our  own 
ignorance  :  the  usual  proceeding  of  ignorance  united 
to  vanity. 

But  the  question  as  to  land  animals  must  be  further 
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examined :  a  stronghold  has  here  been  erected  on 
mud,  in  a  literal  as  well  as  a  metaphorical  sense. 
With  the  few  exceptions  already  noted,  their  remains 
are  now  found  in  alluvial  soils,  on  the  land  ;  and  it 
could  not  have  been  otherwise  in  former  times.  If 
rivers  deposit  the  materials  of  future  rocks  under  the 
sea,  they  very  rarely  carry  thither  the  bones  of  land 
animals.  The  geologists  of  a  future  earth  might  de- 
termine, as  we  do  now,  that  marine  animals  alone 
had  formerly  existed.  If  animals  are  to  be  preserved 
in  rocks,  for  future  ages,  they  must  be  preserved 
where  they  died.  Hence  is  it  that  we  find  the  re- 
mains of  amphibious  animals,  and  not  those  of  ter- 
restrial ones  ;  for  the  same  would  happen,  or  does 
happen,  at  this  very  day.  They  were  enclosed  at 
once  in  mud,  like  shells,  and  preserved  from  de- 
struction. And  hence  the  simple  solution  of  the  won- 
derful mysteries  of  the  Lias  and  its  Lizards,  which 
are  to  prove  equally  wonderful  mysteries  about  an 
antient  earth.  There  was  a  dry  earth  long  before 
and  long  after  these  beds  ;  or  whence  are  the  strata 
from  Coal  to  Chalk  ?  He  who  can  believe  that  this 
earth  contained  nothing  but  Lizards,  and  during  one 
period  only,  has  thought  too  much  of  his  specimens  : 
what  could  be  preserved  has  been  embodied  in  stone, 
and  all  else  has  perished  :  it  has  ever  been  so,  and 
ever  will.  The  preserved  animals  differ  from  the 
present ;  that  is  all ;  but  that  is  a  separate  question. 

This  was  the  essential  preliminary  question  ;  for  it 
was  that  of  the  value  of  the  Evidence.  If  we  now 
examine  the  preserved  animals,  they  do  not  prove 
any  thing  as  to  a  successive  improvement  of  organi- 
zations. There  are  identical  or  corresponding  genera 
in  the  most  antient  and  the  most  recent  strata.  Echi- 
nites,  charriites,  tellinites,  ammonites,  and  others, 


OF    THE    ORGANIC    FOSSILS.  425 

occur  in  the  primary  schists  and  in  almost  every  one 
of  the  superior  strata.  Madreporites,  terebratulites, 
belernnites,  and  orthoceratites  are  found  in  the  oldest 
sandstone  and  in  the  chalk.  I  might  fill  a  page  with 
such  examples  :  but  the  reader  can  do  this  from  the 
catalogues  of  those  who  have  asserted  the  very  re- 
verse. As  far  as  such  imaginary  improvement  con- 
cerns terrestrial  and  large  animals,  the  answer  has 
been  already  given.  All  the  evidence  is  against  the 
hypothesis  in  the  one  case ;  and,  in  the  other,  there 
is  no  evidence  but  that  which,  as  negative,  is  nothing. 
The  assertion  as  to  a  numerical  increase  of  species 
labours  under  the  same  want  of  correct  evidence.  We 
do  not  possess  the  species  :  and  the  known  compa- 
rative destruction  of  the  more  antient  ones  is  a  fatal 
ignorance  as  to  any  conclusions.  If  anyone  supposes 
a  gradual  and  successive  creation  of  species,  he  ought 
to  give  reasons  for  that  which  is  a  metaphysical  and 
theological  conclusion  :  it  is  a  subject  on  which  we 
have  no  facts  but  the  history  of  our  own  Creation, 
and  that  does  not  countenance  such  a  theory.  We 
can  understand  an  increase  after  each  revolution,  and 
this  is  highly  probable  ;  but  those  augmentations 
must  be  limited  to  these  changes  and  new  conditions 
of  the  earth's  form.  As  far  as  the  visible  facts  exist, 
there  is  an  increase  between  the  earliest  and  the  latest; 
but  there  is  no  evidence  of  a  gradual  one,  since  there 
are  more  organic  fossils  in  the  primary  schist  than  in 
the  red  marl ;  to  adduce  no  other  facts,  quite  familiar, 
such  as  the  Lizards  of  the  lias,  the  vegetables  of  the 
Coal  strata,  and  so  on,  wanting  in  every  stratum 
beyond  these.  The  increase  of  numbers,  which  is  a 
fact,  on  the  whole  series,  though  not  a  fact  as  gra- 
dation is  concerned,  is  understood  from  what  has 
been  formerly  said. 
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It  is  asserted  that  genera  as  well  as  species  change 
with  the  strata.  That  is  not  true  ;  the  answer  is 
given  already  in  comparing  the  lower  and  the  higher; 
it  might  he  rendered  overwhelming  from  any  ca- 
talogue. But  this  question  will  recur  in  another  sec- 
tion. 

Respecting  the  relative  antiquity  of  different  ani- 
mals, it  is  imagined  that  the  oviparous  are  more 
antient  than  the  viviparous  quadrupeds,  and  that  they 
existed  together  with  fishes  only.  And  because  of 
certain  successions  of  these  found  in  the  tertiary 
strata  of  Paris,  different  imaginary  dates  have  been 
assigned  for  certain  sets.  I  hope  that  I  have  an- 
swered what  relates  to  the  oviparous  animals  :  yet  it 
is  painful  to  see  an  able  philosopher  drawing  such 
conclusions  from  such  facts.  But  there  seenr  to  be  no 
limits  to  the  influence  of  hypotheses,  when  they 
could  make  even  this  philosopher  forget,  in  his  own 
peculiar  department,  that  a  hog  possessed  a  divided 
hoof. 

Of  the  Connexion  between  Fossil  and  living  organic 
Bodies,  and  of  Extinctions. 

If  it  was  once  thought  that  no  fossil  organic  beds 
corresponded  to  a  living  one,  this  supposition  has 
been  disproved.  But  it  is  said  that  this  correspondence 
is  little  or  nothing  as  to  the  more  antient  species,  and 
that  the  resemblances  increase  in  proceeding  upwards, 
till  in  the  most  recent,  the  fossil  and  the  living  are 
identical.  But  the  evidence  is  unsatisfactory,  on 
nearly  the  same  grounds  as  before,  our  ignorance,  and 
chiefly  as  to  what  is  existing  in  the  present  ocean.  It 
is  also  not  philosophical  to  seek  for  living  resem- 
blances to  fossil  bodies  in  the  nearest  seas,  and  to  decide 
on  the  extinction  of  the  latter  from  the  absence  of  the 
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former;  since  we  do  not  know  what  the  past  con- 
ditions of  the  earth  were.  Recent  researches  have 
discovered  more  resemblances  than  were  once  thought 
to  exist,  and  further  ones  will  prohahly  add  to  these. 
If  indeed  the  remote  revolutions  destroyed  all  the 
existing  races,  we  might  conclude  that  all  the  distant 
ones  were  extinct;  yet  we  could  not  even  then 
prove  the  asserted  want  of  correspondence,  without 
assuming,  what  we  can  never  know,  that  new  ones 
were  not  produced  on  the  same  models.  The  former 
is  a  difficult  question  of  geology;  the  latter  is  a  purely 
metaphysical  and  vain  speculation.  It  is  better  to 
examine  the  facts,  imperfect  as  they  are,  and  to  rest 
on  them  for  the  present.  Yet  there  are  difficulties 
and  uncertainties  in  such  investigations,  founded  on 
the  ignorance  of  naturalists  as  to  the  genera  of  Nature ; 
while  they  perpetually  forget  that  their  own  are  often 
artificial,  the  conveniences  of  Nomenclature;  even 
forgetting  their  own  laudable  anxiety  to  discover  the 
real  plan  of  Creation. 

A  few  facts  must  here  suffice.  Echini,  terebratulae, 
turbines,  chamas  and  tellinae,  occur  as  existing  genera, 
and  are  also  found  in  the  primary  argillaceous  schist. 
Anorniae,  patellae,  nautili,  and  crabs  are  living  genera, 
and  also  fossils  in  the  lowest  limestone.  In  the  lias, 
chama,  donax,  helix,  trochus,  asteria,  and  many  more, 
are  living  genera;  and  proceeding  upwards  to  the 
chalk,  we  find,  of  the  latter,  balanus,  pholas,  buc- 
cinurn,  turbo,  patella,  pecten,  murex,  pinna,  and 
others,  together  with  tortoises,  besides  the  amphibia 
formerly  mentioned.  Any  catalogue  will  furnish 
farther  generic  identities.  That  of  De  France,  gives, 
among  other  conclusions,  a  hundred  and  ninety  six 
genera  living  and  fossil  both,  and  a  hundred  and 
fourteen  fossil  only.  Whatever  interest  to  zoology  the 
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remainder  may  possess,  they  have  no  great  bearing 
on  the  subject  before  us;  and  when  a  contrast  is 
drawn  between  the  number  of  corals  and  shells  in 
the  fossil  state,  and  those  of  the  pteropodes  and  others 
in  the  living  one,  it  is  plain  that  this  is  a  question 
of  preservation  simply,  not  of  existence.  But  the 
reader  can  consult  for  himself.  I  selected  the  first 
part  of  the  short  preceding  catalogue,  because  each 
set  lies  beyond  great  revolutions  of  the  earth,  and  the 
former  beyond  three  at  least.  If,  instead  of  genera, 
it  is  to  be  a  question  of  the  correspondence  of  species, 
the  evidence  is  imperfect,  for  these  reasons.  The 
fossil  animals  are  rare  at  distant  periods  of  the  earth, 
the  specific  distinctions  are  often  destroyed,  and  we 
do  not  even  know  the  existing  species,  without  which 
all  evidence  is  nugatory.  And  accordingly,  with  the 
exception  of  three  or  four,  chiefly  terebratulee,  before 
the  chalk,  there  are  no  correspondences  till  we  arrive 
at  the  tertiary  strata,  while  for  these,  cumbersome 
here.  I  must  also  refer  to  the  catalogues.  And  let  it 
also  be  remembered,  that  we  have  no  right  to  reason 
as  to  the  entire  globe  from  a  limited  spot;  for  this 
cannot  possibly  be  a  rule  for  the  whole  earth,  whatever 
an  indolent  convenience  which  decides  without  ex- 
amining, or  an  hypothesis  which  knows  before  it 
has  learnt,  or  "National  vanity"  may  think. 

Of  the  larger  animals,  the  most  recent  of  fossil 
remains,  and  comprising  upwards  of  eighty  species, 
eleven  or  twelve  are  thought  to  be  existing,  sixteen 
or  eighteen  are  supposed  doubtful,  and  the  remainder 
have  no  known  parallels ;  while  there  is  now  no  great 
probability  of  discovering  many  new  quadrupeds  of 
large  size.  But  it  is  difficult  to  perceive  what  re- 
lation these  latter  facts  possess  to  geology.  They 
seem  pure  questions  of  Zoology:  but,  unfortunately, 
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geologists  have  intruded  too  fur  into  this  branch 
of  natural  history,  led  on  from  the  earlier  fossils,  and 
thus  must  they  torment  every  fact  to  suit  some  geo- 
logical hypothesis.  In  Cuvier,  and  in  more  recent 
writings  on  this  subject,  the  reader  will  find  the  zoo- 
logical details  which  do  not  belong  to  a  work  of  the 
present  nature. 

Geology  however  is  interested  in  inquiring  into  the 
causes  of  these  disappearances,  though  probably  less 
concerned  in  them  than  some  visionary  writers  have 
thought.  In  such  cases  as  those  of  the  lias,  the 
solution  is,  obviously,  to  be  sought  in  early  peculia- 
rities of  the  earth's  surface.  It  is  also  easy  to  under- 
stand how  animals  should  have  been  destroyed  by 
such  partial  revolutions  as  those  of  Italy;  as  that 
may  explain  some  facts  of  this  nature  respecting  the 
basin  of  Paris,  presuming,  that  this  has  undergone 
similar  or  analogous  elevations.  It  is  plain  also,  that 
no  such  change  could  have  taken  place  in  Italy,  with- 
out affecting,  perhaps  all  Europe,  and  even  much  more, 
in  the  neighbouring  continent ;  since  far  inferior 
occurrences  of  this  nature  in  South  America  have 
produced  wide  destruction  :  while  it  would  not  be  a 
very  extravagant  supposition  that  the  elevation  of  the 
Paris  basin,  that  of  the  Isle  of  Wight,  perhaps  of 
Auvergne,  and  probably  of  other  spots  yet  to  be  dis- 
covered, were  all  connected  with  this  great  partial 
revolution,  in  some  manner,  though  it  is  not  necessary 
that  it  should  be  limited  to  one  short  period.  I  for- 
bore to  suggest  this  formerly,  lest  I  should  alarm  the 
reader  with  too  many  novel  suggestions  at  once:  but 
if  true,  it  is  the  explanation  of  the  loss  of  species  and 
genera  both,  as,  even  in  a  more  limited  manner,  it  might 
have  produced  either,  inasmuch  as  many  animals  are 
limited  in  extent  of  residence.  Such  a  catastrophe  in 
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New  Holland  at  present  would  produce  this  very  effect. 
An  entire  collection  of  animals,  distinct  also  from 
every  other,  would  he  extirpated  from  the  earth. 

But  it  would  he  wrong  to  apply  such  causes  or  spe- 
culations too  widely.  Many  animals  are  now  he- 
coming  more  concentrated,  as  they  are  also  diminishing 
in  numbers,  chiefly  from  the  progress  of  man  and  the 
changes  of  the  earth  which  follow  this,  in  change  or 
limitation  of  food,  if  possibly  also,  in  part,  from  their 
mutual  interferences,  from  epizootic  diseases,  from 
changes  of  climate,  the  destruction  of  forests,  and 
perhaps  other  causes,  unknown  to  us.  And  thus, 
probably,  without  any  geological  catastrophes,  have 
the  numerous  extinct  animals  of  particular  regions, 
such  as  the  elephants  of  Germany  and  Siberia,  and 
our  own  lost  quadrupeds,  disappeared.  Hereafter,  I 
shall  have  occasion  to  recur  in  some  measure  to  this 
subject. 

It  is  more  easily  to  be  understood  why  there  should 
be  no  correspondence  between  existing  and  fossil 
plants.  The  latter  belong,  if  antient,  to  the  Coal 
Series  and  the  lias  only;  and  each  of  these  has  under- 
gone revolutions  which  must  have  destroyed  all 
germs.  An  ocean  might  have  protected  what  the 
earth  could  not.  And  accordingly,  if  analogies  have 
been  pointed  out,  that  is  all:  though  it  is  plain  that 
genera  at  least  could  not  be  thus  traced,  since  the 
characteristic  marks  are  not  preserved.  As  to  the 
tertiary  strata,  identities  are  probable,  and,  in  the  al- 
luvia confounded  with  these,  certain. 

I  may  conclude  with  this  general  remark,  that  the 
correspondence  of  fossil  genera  or  species  with  living 
ones  is  scarcely  a  question  of  Geology.  The  revo- 
lutions of  the  earth  are  proved  by  safer  evidence. 
There  may  have  been  new  creations  following  revo- 
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lutions  and  extinctions ;  but  this  is  a  question  of  the 
natural  history  of  living  heings  :  as  it  is,  very  obvi- 
ously,  to  inquire  whether  the  Creator  acted  in  one 
manner  or  in  another,  when  we  seek  to  determine 
whether  such  new  creations  differ  from  or  resemble 
former  ones. 

Whatever  remains  as  to  supposed  extinctions  of 
races  may  be  made  brief;  and  like  almost  all  which 
has  preceded,  it  is  chiefly  a  question  of  Zoology- 
The  ammonites,  the  belemnites,  and  the  orthocera- 
tites,  are  the  genera  which  seem  most  remarkably  to 
have  disappeared,  yet  the  evidence  scarcely  exceeds  a 
probability.  As  far  as  geology  is  concerned,  it  is  in 
the  causes  :  and  these,  with  the  facts  and  the  far 
more  satisfactory  evidences  of  revolutions,  have  al- 
ready been  discussed,  or  will  form  the  subject  of  the 
following  chapter.  It  is  sufficient  here  to  say,  that 
the  first  elevation  of  the  primary  strata,  furnishing 
the  materials  of  a  next  set,  a  second  elevation  which 
raised  these  above  the  water,  the  depression  after  the 
productions  of  the  germs  of  coal,  and  the  subsequent 
elevation  of  all  that  is  now  above  the  ocean,  to  note 
no  more  at  present,  must  have  produced  effects  on 
the  inhabitants  of  the  earth  of  whatever  nature^ 
whether  these  revolutions  were  partial  or  general, 
sudden  or  tedious,  which  could  not  have  been  but 
destructive,  whether  to  extermination  or  not ;  though 
an  entire  extinction  would  not  exclude  the  repeti- 
tion of  similar  beings.  And  it  must  be  through  the 
proofs  of  these  and  the  proofs  of  their  nature,  that 
we  must  draw  our  conclusions  as  to  extinctions  and 
renewals  of  living  creations  ;  since  the  organic  fossil 
bodies  themselves  cannot  teach  us  what  we  wish  to 
know. 

And  I  may  end  with  these  remarks.     The  negative 
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evidence  respecting  the  most  antient  races,  of  what- 
ever nature,  can  prove  nothing;  and  there  may  have  been 
equivalent  creations,  or  an  equivalent  creation,  during 
every  condition  of  the  globe.  It  is  probable  that  there 
was  a  creation  more  early  than  the  earliest  primary 
strata,  but  it  does  not  appear  to  have  been  so  abun- 
dant, while  the  real  criterion  lies  in  the  limestones- 
There  is  no  reason  to  infer  a  progressive  creation 
during  a  period  of  repose,  and  there  is  reason  to  infer 
renewed  ones ;  though  there  is  none  for  concluding 
that  such  new  one  entirely  differed  from  any  former 
or  the  next  preceding  one.  There  are  evidences  of 
revolutions  so  general  as  to  have,  probably  destroyed 
all  living  beings;  but  there  are  also  evidences  of 
partial  ones,  of  which  the  effect,  on  these,  was  also 
but  partial.  And  this  is  particularly  true  of  the  last 
of  all.  Lastly,  there  is  no  proof  of  a  progressive 
improvement  of  organizations,  because  the  only  evi- 
dence is  negative. 

Of  supposed  Changes  of  Climate  in  the  Earth. 

Geologists  have  thought  fit  to  suppose  that  the 
temperature  of  the  Earth  had  undergone  changes 
since  its  more  antient  periods,  or  that  the  climates 
had  been  interchanged  during  its  progress  ;  and  they 
have  founded  this  opinion  on  resemblances  between 
the  organic  fossils  of  cold  climates  and  the  existing 
organized  bodies  of  warm  ones.  The  question  as  to 
the  fact  depends  therefore  on  the  value  of  the  evi- 
dence; and  I  hope  to  prove  that  it  is  worthless. 

If  the  plants  of  the  coal  strata  resemble  living  in- 
tertropical  ones,  and  this  be  judged  evidence  of  an 
interchange  of  climate,  it  ought  reversely  to  be  shown, 
that  the  fossils  of  the  hot  climates  resemble  the  living 
species  of  the  cold  ones;  which  has  not  been  done. 
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If  it  is  meant  to  prove  that  the  present  temperature  is 
less  than  a  former  one,  all  organic  fossils  should  re- 
semble those  of  hot  climates,  which  cannot  be  shown. 
Such  creations  being  admitted  to  be  distinct  ones,  the 
form  in  question  might  as  well  have  existed  as  any 
other:  there  is  no  necessary  relation  between  that  of 
a  palm  and  a  high  temperature:  it  is  a  question  of 
sensibility,  and  that  is  of  arbitrary  appointment. 

But  the  following  argument  is  decisive  as  to  these 
vegetables,  under  both  suppositions.  Coal  is  the  pro- 
duce of  peat ;  and  this  substance  cannot  be  formed  in 
hot  climates,  nor  ever  is  formed  from  the  present 
palms  and  ferns.  Nor  could  the  plants  themselves 
have  been  preserved  as  they  are,  in  a  hot  climate; 
because  they  are  not  so  preserved  between  the  tropics. 
Except  through  inundations,  no  fossil  vegetable  can 
ever  have  been  produced  in  such  temperatures,  while 
those  of  the  coal  strata  have  been  slowly  accumulated 
under  exposure  to  air  and  water, 

If  it  is  true  that  living  corals  abound  in  hot  climates 
and  are  rare  in  cold  ones,  and  that  the  latter  possess 
them  in  the  fossil  state,  the  same  answer  is  valid. 
There  is  no  necessary  connexion  between  such  an 
animal  and  a  high  temperature  :  the  appointment  is 
equally  arbitrary  ;  and  as  some  also  are  now  found  in 
cold  climates,  so  might  millions  have  existed  in  them 
formerly.  It  is  the  same  as  to  shells ;  while  in  these 
also  it  has  now  been  found,  that  many  fossil  ones  of 
cold  climates,  formerly  thought  intertropical,  belong 
to  genera  in  the  neighbouring  seas.  It  is  an  argu- 
ment from  analogy,  that  the  Elephant  and  Rhinoceros 
have  actually  resided  in  cold  climates  in  former  times ; 
since  they  are  thus  found  deposited  where  they  died, 
not  transported,  in  frozen  Siberia.  Geologists  have 
formed  their  theory  before  the  facts  ;  and  when  these 
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have  occurred,  they  could  not  bear,  as  usual,  to  aban- 
don them. 

Volta's  imagined  evidence  from  Monte  Bolca  is  not 
fact :  it  is  one  of  those  statements  of  bold  ignorance 
on  vyhich  almost  all  geology  has  hitherto  been  founded, 
as  it  is  a  specimen  of  that  geological  marvellous  which 
has  always  been  so  attractive.  It  is  as  incorrect,  too, 
in  zoology,  as  in  all  else.  Out  of  his  hundred  and  five 
species,  Blainville  has  extracted  but  ninety ;  and  there 
are  probably  not  more  than  sixty  in  reality.  And 
instead  of  having  been  collected,  as  he  asserts,  from 
Asia,  Africa,  and  America,  they- appear  all  to  be  inha- 
bitants of  the  Mediterranean  ;  as  is  probable  from  the 
account  of  this  deposit  formerly  given.  If  that  should 
not  be  rigidly  true,  such  a  revolution  might  have  de- 
stroyed, in  that  sea,  many  that  are  still  existing  in 
tropical  seas.  This  witness  would  long  since  have 
been  cross-examined  as  he  now  is,  if  geologists  were 
more  anxious  for  truth  than  systems. 

If  the  Elephants  and  other  animals  now  buried  in 
frozen  climates  have  led  to  the  same  conclusions,  this, 
as  I  have  just  suggested,  proves  no  more  than  shells 
or  corals  do.  Besides,  the  species  are  not  always 
proved  to  be  the  same ;  and  though  they  were,  the 
dog,  the  horse,  the  fox,  the  hare,  and  many  more,  are 
found  in  all  climates ;  of  convertible  habits,  like  man, 
or  originally  appointed  universal.  The  rhinoceros  is 
buried  in  Siberia,  in  the  frozen  earth  of  the  Wilui,  in 
proof  that  this  climate  was  its  residence ;  and  the 
great  Elephant  was  found  in  ice. 

It  has  been  argued  also,  that,  if  there  has  not  been 
an  interchange  of  climate,  there  has  been  at  least  an 
universal  diminution  of  temperature,  because  there  are, 
in  Europe,  abundant  fossil  species,  of  which  the  pa- 
rallels exist  in  tropical  seas,  but  not  in  our  own.  The 
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numerous  species  in  the  beds  of  Grignon,  the  inela- 
nopsis,  nautilus,  distichopora,  encrinus,  oliva,  conus, 
tubipora,  initra,  voluta,  nerita,  paludina,  and  melania, 
including  nearly  sixty  species  of  marine  and  fresh 
waters,  abound  as  fossil  in  Europe,  but,  as  living, 
only  in  the  tropical  seas.  But  the  value  of  this  evi- 
dence is  by  no  means  plain.  It  is  first  a  question  of 
genera,  not  of  species  ;  as  it  ought  to  be,  if  it  were  to 
prove  what  is  thought.  There  is  a  Coluber  in  Bri- 
tain and  there  are  many  in  hot  climates.  And  no 
animals  are  so  notedly  indifferent  to  temperature  as 
the  mollusca.  The  Very  same  species  of  helix  are 
now  found  frozen  in  polar  ice  and  broiling  in  the 
African  desert.  Thus  much  for  all  these  evidences 
from  the  animals  and  plants  themselves. 

But  the  hypothesis  having  been  adopted,  it  was 
also  necessary  to  explain  the  causes :  and  having  dis- 
posed of  the  posteriori  evidence,  I  must  therefore  ex- 
amine the  priori  one.  There  is  no  provision  for  in- 
terchange of  climates  in  the  present  motions  of  the 
earth  :  the  axis  cannot  thus  have  changed  under  the 
actual  arrangement  of  the  solar  system.  It  is  espe- 
cially useless  to  assign  so  gratuitous  a  cause  as  the  ap- 
pulse  of  a  comet,  when  the  facts  remain  so  much 
more  than  doubtful ;  and,  if  the  argument  from  coal 
be  admitted,  nothing.  If  it  be  said  that  the  earth  was 
at  first  an  irregular  mass,  and  that  it  became  sphe- 
roidal only  through  a  long  series  of  changes,  chiefly 
through  wear  and  renewal,  and  that  thus  any  changes 
of  axis  and  climate  can  be  accounted  for,  the  answer 
is  the  same.  It  is  a  pure  hypothesis  to  account  for 
facts  which,  themselves,  do  not  exist. 

Lastly,  it  has  been  said,  in  support  of  diminution 
of  temperature,  not  of  interchange  of  climates,  by 
Button,  De  Luc,  Breislak,  and  others,  that  this  may 
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have  happened  because  the  early  earth,  fluid  from 
heat  in  the  interior,  was  less  deeply  covered  by  rocks 
at  its  earlier  periods,  that  much  heat  was  extricated 
during  the  act  of  consolidation,  or  during  the  pre- 
cipitation of  rocks  from  water,  or  during  that  of  the 
combination  of  their  metallic  bases  with  oxygen.  Any 
of  these  things  are  possible  ;  the  general  fact  of  a 
lowering  of  temperature,  were  it  but  through  radia- 
tion, is  probable :  but  of  whatever  other  geological 
value  such  a  supposition  or  fact  may  be,  it  will  not 
bear  on  the  present  question,  until  the  fact  itself  has 
been  established  as  to  living  and  fossil  beings  ;  which 
it  has  not.  But  as  this  is  an  interesting  subject, 
which  I  cannot  here  discuss,  I  must  refer,  and  chiefly 
to  Breislak  and  Fourrier. 

Of  Colonies  and  of  Transportations  of  organic 
Fossils. 

These  two  circumstances  respecting  fossil  remains, 
interest  geology  far  more  than  much  that  has  pre- 
ceded. The  former  proves  conditions  of  repose,  and 
also  periods  of  time ;  being  especially  important  to- 
wards the  proof  of  great  duration  in  the  intervals  be- 
tween successive  revolutions.  The  latter  is  indis- 
pensable to  many  inquiries  respecting  the  changes  of 
the  surface. 

If  it  is  not  universally  true  that  particular  tribes  of 
shells  occur  alone,  it  is  a  fact  of  sufficient  frequency ; 
as  it  is,  that  they  lie  undisturbed  in  the  places  where 
they  died.  This  happens  notedly  in  the  ammonites, 
the  cerithia,  the  nautilites,  the  nummulites,  and  others; 
some  of  which  also  produce  masses  of  rock  of  great 
extent,  even  when  of  such  microscopic  minuteness 
that  a  grain  weight  would  counterpoise  almost  fifty. 
The  masses  of  rock  thus  formed  entirelv  of  shells  in 
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Touraine,  are  well  known  for  their  bulk  ;  as  are 
those  of  Grignon,  Issy,  Passy,  Chaumont,  Villers 
Coterets,  and  other  places.  Immense  beds  are  thus 
formed  of  Miliolites  alone.  Similar  facts  occur  in 
Egypt  and  Syria,  in  Persia  and  India,  and,  in  reality* 
in  every  country  that  has  been  accurately  examined. 
If  other  shells  intrude  into  such  colonies,  or  if  many 
are  intermixed  in  one,  the  geological  inferences  are 
scarcely  affected  ;  since  repose  and  length  of  time 
are  equally  proved.  Ages  must  have  passed  before 
these  enormous  accumulations  could  have  taken  place ; 
and  we  can  sometimes  form  loose  conjectures,  at  least, 
respecting  this  time,  by  attending  to  the  increase  of 
living  beds  of  shell-fish  and  the  deposits  in  lakes.  If 
this  fact  proves  repose,  it  would  have  been  unne- 
cessary to  say  that  it  is  inconsistent  with  diluvian 
movements,  had  not  the  most  recent  of  our  observers 
asserted  such  motions  even  in  the  most  decided  cases 
of  this  nature.  It  is  childish  to  repeat,  that  facts  like 
this  are  irreconcileable  to  any  precipitation  of  rocks 
from  solution. 

However  true  the  transportation  of  fossil  remains, 
through  the  action  of  water,  may  be,  it  has  been  often 
asserted  to  have  happened  where  it  never  occurred, 
and  has  thus  formed  one  of  the  most  troublesome  fal- 
sities in  Geology  ;  impeding  the  discovery  of  truth  in 
almost  as  great  a  degree  as  any  of  the  hypotheses 
which  have  been  invented,  and,  above  all,  where  such 
actions  have  been  referred  to  the  Mosaic  deluge. 
And  thus  have  other  deluges  been  invented  to  explain 
what  demanded  no  such  solution. 

To  the  remarks  just  made,  proving  that  the  living 
animals  had  been  preserved  where  they  died,  I  may 
add  those  facts  which  are  often  but  repetitions  of  what 
has  preceded.  These  arc,  the  integrity  of  tender 
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shells  and  the  preservation  of  their  minute  parts,  the 
preservation  of  plants,  especially  of  leaves,  incapable 
of  bearing  transportation,  that  of  tender  fishes,  found 
entire,  as  in  Monte  Bolca,  and  the  positions  of  the 
convexities  of  bivalves  ;  all  of  them  being  evidences 
for  any  case,  in  practice,  respecting  which  we  may  be 
called  on  to  judge. 

If,  on  the  contrary,  the  reverse  facts  occur,  mark- 
ing motion,  it  is  certain  that  no  distant  transportation 
is  necessary  for  the  effectsv  as  there  may  often  be 
fracture  and  dispersion  of  the  objects,  without  any ; 
while  it  is  no  less  certain  that  such  distant  and  vio- 
lent ones  as  have  been  presumed,  would  have  en- 
tirely destroyed  such  objects,  to  their  disappearance. 
We  know,  through  soundings,  that  recent  shells  are 
broken  and  intermixed  in  the  exact  manner  which 
has,  in  fossil  ones,  been  attributed  to  transportation  ; 
while  the  motions  in  these  cases  are  but  the  daily 
actions  of  the  waves.  And  these  are  the  germs  of 
future  rocks,  the  types  of  past  ones,  as,  at  present, 
they  are  those  of  visible  alluvia.  Such  is  the  diffi- 
culty of  proving  transportation  in  the  ordinary  cases 
of  fossil  remains.  Nevertheless.,  it  has  occurred,  de- 
monstrably,  yet  to  no  great  extent :  but  the  import- 
ant question  here  is,  the  geological  purpose  in  view- 
in  these  hypotheses  as  they  have  been  constructed  and 
used. 

This  is  double.  It  is  to  explain  simply  the  positions 
of  organic  fossils  supposed  to  require  explanation,  but 
it  is,  far  more  injuriously  to  science,  to  attempt  to 
prove  deluges  and  other  similar  actions,  through  such 
facts.  And  this  is  the  proper  geological  question,  as 
it  is  the  only  one  of  moment.  If  I  state  examples  of 
the  principal  cases,  and  their  presumed  causes,  and 
also  show  that  they  can  be  explained  by  much  sim- 
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pier  ones  than  have  heen  assigned,  the  purpose  here 
in  view  is  answered.  It  is  the  explanation  of  ad- 
mitted transportation,  and  the  rejection  of  false  hy- 
potheses respecting  the  causes. 

If  the  hypothesis  of  distant  transportation  has  been 
applied  to  the  case  of  Monte  Bolca,  it  is  already  fully 
answered.  Where  transportation  has  been  assigned 
as  the  cause  of  the  positions  of  organic  bodies  which 
were  assumed  to  have  belonged  to  other  climates,  the 
answer  to  this  also  needs  not  be  repeated.  It  is  not 
a  case  of  evidence  as  to  the  fact.  I  may  say  the  same 
as  to  the  fossil  remains  of  Dalinatia  and  elsewhere  : 
the  fact  of  transportation  is  assumed;  and  the  right 
solution  of  these  cases  will  be  examined  in  the  next 
section.  It  has  further  been  attempted  to  prove  the 
transportation  of  the  bones  of  land  animals  found  in 
alluvia,  by  Deluges,  from  the  presence  of  petrified 
remains  in  the  same  places.  There  are  two  cases  of 
this ;  and  such  a  theory  is  unnecessary  for  either. 
These  marine  remains  are  often  the  fragments  of  orga- 
nic limestones,  parts  of  the  original  alluvia  in  which 
the  bones  were  deposited :  it  is  a  case  of  accidental 
contiguity,  not  of  joint  transportation.  If  it  had  been, 
the  condition  of  both  classes  should  have  been  similar. 
The  other  case  is  that  of  Italy,  already  explained :  it 
is  the  occurrence  of  terrestrial  alluvia  above  marine 
ones. 

On  the  Siberian  remains,  I  must  dwell  somewhat 
more :  especially  because  this  case  has  been  made  a 
foundation  for  a  theory  of  the  earth.  These  are  often, 
though  not  always,  transported,  but  under  transporta- 
tions of  a  far  different  nature  from  what  has  been 
asserted.  Pallas  informs  us  that  the  bones,  skele- 
tons, and  entire  carcasses,  of  the  Elephant,  Rhinoce- 
ros, and  other  large  animals,  occur  near  every  great 
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river  of  northern  Asia,  almost  from  the  Black  sea  to 
that  of  Kamtschatka ;  yet  being  nearly  limited  to  the 
alluvia  of  the  plains.     To  conceive  that  a  single  tor- 
rent, or  any  succession  of  torrents  capable  of  covering 
a  breadth  of  four  thousand  miles,  should  have  left  these 
remains  as  they  are  now  found,  and  so  perfect,  should 
have  even  left  the  carcasses  as  they  are,  is  for  those 
who  see  no  difficulties  when  the  inventions  are  their 
own.      Such    visions,    warring    against    all    common 
sense  as  well  as  philosophy,  Deserve  no  answer.     How 
Pallas  could  have  supposed  them  to  have  been  thus 
transported  from   southern  climates,  he  was  himself 
bound  to  explain,  since  no  one  can  do  it  for  him.       If 
De  Luc's  theory  was   intelligible  to  himself,  I  know 
not  who  else  can  understand   it;    though  it  did  once 
meet  a  supporter  who  must  at  least  have  been  inconsi- 
derate in  thus  adopting  it.     This   country  consisted* 
De  Luc  says,  of  islands  and  seas  intermixed,  in  a  con- 
stant state  of  revolution  of  level  and  condition:  and 
thus,  in   some   manner,  every  thing  is  solved.     Cer- 
tainly,   geologists   have    often    deserved    the    ridicule 
which  they  have  so  frequently  experienced.     It  is  use- 
less to  inquire  of  the  causes  of  such  revolutions  as 
this,  when  there  is  not  a  shadow  of  evidence  as  to  the 
facts,  and  when  it  is  not  supported  by  anything  that 
we  know  of  the  earth.    But  it  is  especially  unfortunate 
for  this  philosophy,  that  the  elevated  alluvia  of  Italy 
should  have  been  explained  in  the  same  manner.     It 
is  difficult  to  conjecture  what  ideas  are  formed  before 
such  reasonings  and  conclusions.     These  are  Werner's 
ever  tractable  oceans,   under  a  new  shape.     He  who 
has  said  that  the  very  name  Geology  excited   ridicule, 
should  not  have  forgotten  where  the  retort  might  fall 
with  equal  or  greater  justice,  and  that  there  were  more 
than     one     fabricator    of   cabinet     theories.       The 
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remark  ou  this  system  would  have  been  spared  had  it 
come  from  a  less  name:  the  mischief  lies  in  this  very 
thing,  in  the  authority;  which,  ever  injurious  in  pro- 
portion to  its  weight,  is  still  weighty  on  this  very  point, 
injuring  him  whom  it  is  the  duty  of  a  systematic 
writer  to  protect  from  false  theories. 

The  animals  in  question  died  and  were  buried  where 
they  lived.  If  they  are  covered  with  beds  of  sand  and 
clay,  sometimes  containing  shells,  this  is  what  happens 
in  every  land  of  rivers  ;  and  as  far  as  the  bones  them- 
selves are  transported,  this  is  their  only  source  of  trans- 
portation. Natural  actions  or  casual  inundations  ac- 
count for  every  thing  :  but  they  account  too  simply : 
they  are  not  Theories  of  the  Earth.  The  shells  are 
terrestrial,  and  they  have  been  supposed  marine:  the 
perpetual  error  of  those  who  philosophize  in  shells  and 
thus  determine  Earths.  Let  there  be  marine  alluvia 
any  where,  it  is  the  case  of  deserted  aestuaries.  Nor 
is  there  any  reason  why  the  Lena  or  the  Jenisei  should 
not  carry  even  colonies  of  skeletons  to  the  sea  itself, 
since  this  very  event  has  happened  in  the  Solway 
firth  within  our  own  knowledge. 

Enough  of  these  cases ;  they  are  examples  to  which 
all  of  which  I  read  can  be  reduced.  Of  the  causes  of 
such  imagined  torrents,  the  following  have  been  as- 
signed ;  and  I  may  here  name  what,  for  the  most  part, 
must  be  re-examined  hereafter.  The  supposed  erup- 
tion of  the  Black  sea  and  of  the  presumed  lake  of 
Thessaly,  are  among  these  ;  and  there  are  modern 
examples  of  such  a  fact,  inferred  in  such  a  valley  as 
Glen  Roy,  proved  to  the  sight  in  Switzerland.  Un- 
questionably, such  accidents  must  have  transported 
fossil  remains,  with  all  else  ;  yet  shells  are  little  likely 
to  have  survived  such  movements  as  this.  Let  them 
have  all  their  weight,  and  they  may  explain  a  few 


442       ON  THE  GEOLOGICAL  RELATIONS 

cases ;  but  that  is  all.  It  is  certain,  reversely,  that 
the  hurled  remains  are  not  competent  to  prove  the 
causes,  as  also  these  apply  to  alluvial  deposits  only. 

If  such  elevations  of  the  earth  as  that  of  Italy  he 
assigned  as  the  cause  of  torrents  of  this  extensive 
nature,  which  they  unquestionably  must  have  been, 
the  general  conclusion  as  to  the  fossil  remains  is  the 
same.  They  are  little  likely  to  have  survived ;  and 
they  are  not  alone  sufficient  to  prove  such  a  fact. 
Italy  has  demanded  a  much  more  difficult  proof,  as  I 
have  shown,  and  far  other  reasonings  than  these  su- 
perficial ones ;  else  would  it  perhaps  have  been  ex- 
plained long  ago.  Of  the  Mosaic  deluge,  I  might  say 
the  same,  far  more  strongly.  No  transportation,  be 
it  ever  so  established,  can  prove  that  fact ;  and  that 
fact  itself,  as  detailed  in  Scripture,  gives  no  reason  to 
suppose  that  it  was  accompanied  by  such  extraor- 
dinary torrents.  But  this  is  a  question  that  must 
recur,  mixed  up  as  it  has  been  with  almost  every  thing 
in  the  history  of  the  Earth.  If  the  foregoing  cases 
explain  some  of  the  sources  of  error  among  geologists 
in  deciding  respecting  transported  fossils,  it  is  still 
necessary  to  point  out  others,  and  to  explain  some  of 
those  more  fully :  the  actual  cases  of  this  kind,  and 
their  true  nature,  will  thus  develop  themselves  with- 
out difficulty. 

There  are  two  distinct  circumstances,  under  which 
marine  transportations  have  been  imagined,  where  the 
fossils  remain  in  their  places.  The  retirement  of  the 
Caspian  sea  through  the  growth  of  the  lateral  alluvia 
is  a  case  in  point  as  to  the  first :  the  marine  remains 
found  now  far  beyond  it,  were  once  a  part  of  its  own 
shores.  And  all  the  great  sandy  deserts  present 
the  same  false  cases.  Their  waters  are  salt,  because 
they  consist  of  the  red  marl  stratum,  containing  this 
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substance;  and  therefore  are  their  remains  marine, 
thus  far.  These  waters  disappear  daily,  while  the 
fossils  continue  in  the  dried  lands :  and  thence  the 
much  wider  and  far  more  erroneous  conclusion  also, 
that  the  sea  has  retired  in  recent  times  from  those 
tracts  of  sand.  „ 

The  case  of  the  more  distant  aestuaries  of  the  pre- 
sent ocean  is  another :  they  have,  equally,  been  mis- 
taken for  tertiary  strata,  and  for  collections  of  trans- 
ported fossils,  according  to  the  circumstances ;  and 
these  in   particular,   have  repeatedly,  and.  now,  very 
recently  and  perseveringly,  been  attributed  to  deluges, 
and  to  the  Mosaic   deluge.     System  will,   in   some, 
supply  the  place  of  ignorance  in  others  :   it  is  doubly 
unfortunate  when  system   and    bad    observation    are 
united.     Though  found  more  than  a  thousand  miles 
from  the  sea,   in  India,  these  are  but  the  tranquil  de- 
posits   of   the   Indian   ocean.     Transportation    there 
must  be,  if  terrestrial   and  marine  remains  are  inter- 
mixed :  but  this  is  nothing  more  than  what  I  shall 
now  explain,   by  what  offers   a  solution  for  perhaps 
every  case   of  such  mixture  yet  described,  whether  in 
rocks  or  alluvia,  antient  or  recent.     And  though  the 
levels  of  such  deposits  should,  in  any  case,  exceed  that 
of  the   present  ocean,   it  would  not   alter  these  con- 
clusions ;    since,  as  I  shall  hereafter  show  more  fully, 
there  is  a  vacillation  of  level  between  the  sea  and  the 
land,  in  many  parts   of  the  world ;  and,  even  in  our 
own  island,  the  most  undoubted  proofs  of  the  gradual 
elevation  of  the  latter. 

Of  such  transportations,  even  of  land  animals,  I 
mentioned  the  case  of  the  Solway  firth.  This  oc- 
curred in  1794,  when  more  than  two  thousand  bodies 
of  horses,  cows,  sheep,  and  smaller  animals,  were 
carried  into  it  in  one  day.  And  it  is  a  valuable  fact. 
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because  it  explains  such  cases  as  that  of  the  Paris  basin, 
and  many  more:  it  will  be  a  future  intermixture  or 
alternation  of  marine  and  terrestrial  remains,  in  shale 
and  sandstone  and  limestone;  a  study  for  the  geologists 
of  other  Earths. 

On  analogous  grounds,  mayjiot  only  many  of  the 
cases  of  the  tertiary  deposits,  but  those  of  the  Lias 
also  be  explained.  Wherever  this  series  presents  such 
intermixtures,  that  point  at  least  was  an  aestuary:  the 
solution  is  simple,  and  it  offers  a  perfect  analogy  to 
the  aestuary  of  the  Thames,  or  any  other  river,  at 
present.  The  same  mixtures  from  transportation  are 
occurring  there;  and  in  future  ages,  or  worlds,  it  may 
be  a  lias  series,  thus  far.  The  alluvial  antient  aestua- 
ries,  just  mentioned,  are  parallel  cases  under  another 
form.  And  in  actual  aestuaries,  as  in  more  antient 
ones,  marine  and  terrestrial  remains,  antient  and 
modern  ones,  may  often  be  confounded,  since  the  proper 
marine  bottom  must  be  frequently  mixed  with  the 
terrestrial  deposits  of  the  rivers,  and  in  every  manner. 
Cases  of  actual  distant  transportation,  such  as  that  of 
West  Indian  fruits  to  our  own  shores,  seem  too  limited 
in  quantity  and  possible  effect,  to  demand  any  re- 
ference to  antient  deposits. 

To  guide  the  judgments  of  geologists  on  this  sub- 
ject, I  must  yet  remark,  that  in  such  cases,  errors 
may  arise,  first  from  mistaking  the  origin  of  the  fos- 
sils themselves,  and  next  from  mistaking  the  nature 
of  the  strata;  as  it  would  be  easy  to  point  out  re- 
corded cases  where  both  have  been  combined.  And 
thus  have  such  mistakes  arisen,  from  determining 
the  origin  of  the  stratum  through  the  presumed  one 
of  the  fossil,  or  that  of  this  last,  from  misapprehending 
the  nature  of  the  other. 

In. the  chapter  on  the  tertiary  strata,  I  have  already 
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shown  the  difficulty  of  determining  the  marine  or 
terrestrial  origin  of  fossil  fishes.  As  to  the  other 
error,  all  strata  were  formerly  thought  to  he  of  marine 
origin  :  and  thus  were  all  fishes,  in  partieular,  formerly 
supposed  to  be  of  the  same  nature;  whenee,  if  found 
accompanying  terrestrial  remains,  transportation  was 
inferred,  under  either  or  both  errors.  And  recent 
observations  have  not  been  free  of  the  same  mistakes 
and  the  same  false  inferences.  The  "bituminous  marl 
slate"  was  an  error  of  the  former  kind,  of  the  Freyberg 
school:  the  supposed  marine  stratum  is  a  fresh  water 
one.  At  Claris  in  Switzerland,  ferns  occur  with 
fishes,  and  the  latter  must  therefore  belong  to  fresh 
water.  Former  observations  had  determined  that 
marine  and  fresh  water  fishes  existed  with  vegetables  in 
the  strata  of  CEningen,  and  thus  were  formed  false  and 
impossible  theories  respecting  this  deposit.  If  I  am 
right  respecting  the  versatility  of  fishes,  the  fact  as 
to  some  of  these  species  may  still  be  true,  or  there 
may  be  marine  fishes  in  these  strata:  the  very  Triglae 
quoted  may  exist  in  it,  though  the  specimens  seemed 
to  me  more  than  doubtful ;  and  yet  this  deposit  is  but 
a  part  of  the  antient  bed  of  the  lake  of  Constance. 
And  this  illustrates  the  other  source  of  error. 

I  may  therefore  conclude.  There  is  no  proof  of  trans- 
ported fossils,  under  any  other  circumstances,  or  from 
any  other  causes,  than  those  which  I  have  explained; 
and  I  hope  that  I  have  shown  how  these  can  be  distin- 
guished. But  the  distinction  demands  acute  geo- 
graphical observation,  even  more  than  geological 
knowledge ;  and  h£re  have  observers  especially  failed. 
Of  the  Mosaic  deluge  in  particular,  I  have  no  hesi- 
tation in  saying,  that  it  has  never  been  proved  to 
have  produced  a  single  existing  appearance  of  any  kind, 
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and  that  it  ought  to  be  struck  out  of  the  list  of  geo- 
logical causes. 

Of  organic  Fossils  in  Fissures  and  Caverns. 

The  fossils  found  in  fissures  belong  strictly  to  geo- 
logy, as  they  relate  to  somewhat  antient  alluvia;  the 
proper  geological  relations  of  the  latter  occurrence 
are  still  very  obscure,  jfs  this  question  also  concerns 
zoology  rather  than  the  present  science. 

The  former  are  involved  in  calcareous  conglomerate 
rocks,  forming  portions  of  these;  of  which  the  cement 
consists  of  minute  fragments  and  carbonat  of  lime: 
and  they  are  therefore  local  alluvial  rocks.  If  they 
sometimes  occupy  fissures,  this  is  not  always  the  case, 
as  happens  in  Dalmatia ;  but  the  two  forms  need  not 
be  distinguished,  especially  as  they  all  appear  to  have 
once  occupied  cavities  of  some  kind.  These  rocks 
occur  in  Gibraltar,  near  Montpellier  and  Nice,  in  Ar- 
ragon,  Corsica,  Dalmatia,  Cerigo,  and  elsewhere.  The 
remains  are  the  bones  of  land  animals;  being  terrene 
themselves,  as  are  the  deposits,  and,  except  travertino, 
the  only  truly  terrene  organic  rock.  A  few  shells, 
doubtless  terrene  also,  have  sometimes  occurred  with 
them.  The  bones  have  appeared  to  belong  to  the 
Horse,  Ox,  Ass,  and  Sheep,  to  Antelopes,  Mice,  Birds, 
and  some  others  which  I  need  not  here  name.  The 
geological  question  does  not  seem  intricate. 

The  rocks  are  the  accumulations  of  fragments 
which  have  been  produced  where  they  lie.  Trans- 
portation is  impossible  under  such  circumstances  ;  nor 
does  the  state  of  the  fragments  justify  such  a  supposi- 
tion. The  production  of  the  rocks  themselves  is  easily 
understood.  I  have  elsewhere  described  such  veins  of 
conglomerate  in  Scotland,  in  the  older  rocks,  yet  of 
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evidently  modern  origin :  we  have  only  to  inquire 
respecting  the  presence  of  the  bones.  In  Guernsey 
there  is  a  fissure  in  which  a  rock  of  this  nature  is  now 
forming ;  and  the  animal  remains  are  snails,  with  the 
skeletons  of  mice  and  weasels,  united  by  calcareous 
matter.  There  are  facts  in  natural  history,  which 
show  that  animals  seek  concealed  places  to  die  in,  arid 
that  predatory  animals  conceal  themselves  in  such  re- 
treats :  the  caverns  to  be  immediately  examined  are 
striking  examples  of  the  same  kind.  If  this  be  not 
the  solution,  I  know  of  no  rational  one  that  can  be 
offered.  And  the  further  geological  conclusion  is, 
that  these  rocks  may  be  of  any  date  posterior  to  the 
disclosure  of  the  strata  in  which  they  occur,  while  that 
can  only  be  conjectured  through  zoology,  though  sel- 
dom even  thus.  The  organic  rock  of  Guernsey,  now 
forming,  is  in  gneiss :  the  antiquity  of  a  rock  deter- 
mines nothing  as  to  that  of  a  fissure. 

And  this  is  all :  the  question  might  be  dismissed,  if 
I  were  not  compelled  to  notice  theories  which  are  still 
misleading  geologists  ;  as  is  my  perpetually  disagree^ 
able  duty.  I  have  just  shown  it  not  to  be  true  that 
they  are  not  formed  at  the  present  day,  as  Cuvier  has 
said  :  and  there  is  not  the  least  reason  for  concluding,  as 
he  has  also  done,  that  they  must  all  be  more  modern 
than  the  antient  alluvia  containing  animal  remains. 
In  individual  comparisons,  this  may  be  the  fact :  the 
zoologist  is  generalizing  from  single  instances  in  his 
own  department,  and  in  support  of  some  hypothesis. 
They  may  be  found  as  antient  as  the  most  antient  or- 
ganic alluvia  :  and  this  is  probably  the  case  with  that  of 
Corsica.  And  no  geological  relations  can  be  effec- 
tually deduced  from  these  bones,  because,  in  almost 
all  cases,  this  must  be  negative  evidence.  It  has  also 
been  said,  that  the  same  bones  were  never  found  in 
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those  fissures  and  in  the  caverns  also  ;  because,  in 
this  too,  there  was,  apparently,  a  zoological  system  to 
be  supported.  This,  again,  is  generalizing  without 
facts,  and  without  correct  reasoning.  1  have  shown 
that  this  might  happen,  or  ought  to  happen ;  and  it 
has  proved  so,  in  the  case  of  the  horse,  the  ox,  and 
others.  And  that  I  may  dismiss  the  whole  of  these 
hypotheses  at  once,  it  is  not  true  that  the  remains  in 
the  alluvia  are  not  also  found  in  caverns.  The  Ele- 
phant, Rhinoceros,  Hippopotamus,  Ox,  and  others, 
occur  in  both  :  so  that  whatever  diluvian  speculations 
were  to  be  founded  on  this  disproved  statement,  must 
be  abandoned. 

The  Caverns  and  their  remains  have  recently  at- 
tracted so  much  popular  attention,  under  that  love  of 
the  marvellous  which  so  often  loses  sight  of  science, 
and  of  truth  also,  that  I  can  refer,  without  difficulty, 
to  volumes  in  abundance,  those  who  consider  that  all 
Geology  is  comprised  in  such  a  pursuit  as  this.  A 
short  statement  would  not  satisfy  them ;  and  the 
concern  of  Geology  with  these  facts  is  very  small  in- 
deed. 

They  have  been  found  in  Germany  and  in  England, 
in  many  places  ;  near  Gailenreuth,  Bauman,  Sharz- 
fells,  Kloeterhoele,  Glucksbrun,  and  in  other  situa- 
tions, in  the  former  ;  and,  in  the  latter,  near  Ply- 
mouth, Buringdon,  Swansea,  Llandebie,  Torbay,  at 
Kirkdale,  and  in  other  places,  for  all  which  Dr. 
Buckland's  ample  and  minute  works,  especially,  can 
be  consulted.  In  these  caverns,  always  open  in  some 
manner,  (though  it  is  plain  that  if  filled  more  or  less 
with  earth,  and  broken  into  through  the  rock,  that 
opening  might  not  always  be  easily  found,)  the  bones 
are  more  or  less  entangled  in  loose  alluvial  matter, 
generally  of  a  fine  texture,  and  also  among  calca- 
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reous  stalactites.  This  is  the  sufficient  geological  de- 
scription ;  unless  I  add  that  they  prevail  in  the 
mountain  limestone ;  very  naturally,  since  this  rock 
abounds  in  caverns. 

But  their  chief  interest  is  with  zoology,  existing, 
or  extinct  as  to  the  countries  in  which  they  occur ; 
since  they  have  not  yet  produced  animals  demon- 
strably  extinct  as  to  the  whole  earth,  though  this  has 
been  said  of  certain  bears.  If  I  refer,  as  before,  for 
the  zoological  particulars,  I  may  name,  without  dis- 
tinction of  place,  in  Germany,  the  lion,  tiger,  dog  or 
wolf,  polecat,  hyena,  rhinoceros  ;  and,  in  England, 
since  the  insular  situation  demands  this  distinction, 
the  elephant,  rhinoceros,  hippopotamus,  horse,  ox, 
stag,  hyena,  bear,  hog,  fox,  weasel,  rabbit,  water  rat, 
mouse,  raven,  pigeon  and  more,  together  with  human 
bones  in  two  instances,  the  whole  comprising  animals, 
extinct  as  to  Britain,  and  also  existing. 

The  solution  as  to  the  simple  presence  of  those  re- 
mains is  not  very  different  from  that  of  the  former 
case.  The  caverns  were  the  retreats,  or  the  volun- 
tary graves,  of  some,  and  in  some  of  the  cases  ;  and, 
in  others,  the  bones  were  deposited  by  the  hyaena,  in 
its  residence,  as  is  easily  inferred  from  the  circum- 
stances attending  this  particular  animal.  And  this, 
as  a  further  question  of  zoology  alone,  is  all  that 
I  need  here  say  on  that  part  of  the  subject  in  these 
cases. 

In  strictness,  the  case  of  these  caverns  has  no  other 
geological  bearings,  and,  as  to  Geology  therefore,  it 
should  be  terminated  ;  inasmuch  as  their  interior 
alluvia  must  be  explained  on  the  same  grounds  as  the 
exterior  ones,  as  that  will  also  be  a  future  question  in 
this  work.  But  having  already  noticed  the  imagi- 
nary arguments  for  the  Mosaic  deluge,  drawn  from 
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transportations  as  imaginary,  I  cannot  avoid  continuing 
the  examination  of  them  as  derived  from  this  case, 
especially  as  that  record  is  ranked  as  a  cause  in 
geology. 

Driven  from  one  point  to  another  since  the  time  of 
Tertullian,  as  geological  knowledge  increased,  those 
arguments  have  always  sought  refuge  in  the  most 
recent  unexplained  appearance ;  and  these  caves  are 
apparently  the  last  hold  of  those  who  seem  to  forget 
that  the  truth  of  the  Sacred  Writings  does  not  rest  on 
physical  proofs.  The  anxiety  which  is  thus  shown, 
to  prove  any  of  those  records  in  this  manner,  is  not  a 
very  politic  mode  of  evincing  confidence  or  faith  in 
them :  and  if  the  arguments  are  worthless,  the  effect 
is  evil,  since,  to  have  rested  a  proof  on  that  which  is 
not  one,  is  to  produce  disbelief  or  douht. 

But,  believing  that  record  in  its  exact  and  literal 
sense,  it  is  impossible  to  see  in  what  manner  it  can  be 
related  to  these  appearances.  In  former  hands,  the 
remains  in  the  exterior  alluvia  have  proved  nothing 
as  to  this  record  ;  it  is  not  easy  to  see  how  the  caves 
can  prove  more  ;  and,  unfortunately  for  the  supporters 
of  this  hypothesis,  they  seem  to  prove  less,  in  as  far 
as  the  extinct  animals  are  said  to  be  antediluvian  ones, 
since  the  caves  contain  existing,  and  therefore  post- 
diluvian animals,  and  man  among  the  rest,  while  his 
remains  are  said  to  be  invariably  recent.  To  admit 
what  could  not  be  denied,  and  still  to  maintain  the 
hypothesis,  is  a  species  of  philosophy  which  cannot 
well  be  discussed.  If  the  one  kind  are  postdiluvian, 
why  are  they  not  all  of  one  period?  But  it  is  almost 
impossible  to  understand  how  these  facts  are  brought 
to  bear  on  this  theory.  The  record  says  that  all 
animals  were  preserved  for  the  renovation  of  the  earth 
after  the  deluge;  and  if  any  did  arrive,  why  not  all,  or 
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more  ?  But  it  is  better  not  to  put  more  questions. 
This  lias  been  an  injudicious  interference  at  every 
period :  it  is  even  peculiarly  imprudent  in  the  present 
case,  as  the  slightest  consideration  will  show.  The 
assertion  that  these  things  do  prove  the  Deluge,  may 
satisfy  those  who  can  thus  be  satisfied,  by  an  assertion 
from  authority :  but  the  effect  is  not  lasting,  even 
among  those :  there  is  ever  danger  that  conclusions 
the  very  reverse  may  be  drawn  by  persons  who  know 
how  to  examine  evidence.  But  I  am  glad  to  pass 
from  a  subject  that  ought  never  thus  to  have  been 
mixed  up  with  physical  inquiries :  more  sorry  that  I 
cannot  avoid  recurring  to  it  hereafter.  There  is 
abundant  proof  of  a  gradual  change  in  the  original 
balance  of  animals,  all  over  the  earth,  and  of  gradual 
extinctions  of  individual  kinds,  in  many  countries. 
This  is  familiar  of  our  own,  in  the  Urus,  Elk,  Beaver, 
and  Wolf,  at  least ;  and  that  which  we  know  by  record 
or  clear  evidence,  has  probably  been  going  on  from 
the  beginning.  There  is  no  mystery  here  :  had  there 
been  more,  it  would  have  been  more  acceptable. 

And  yet  I  cannot  avoid  noticing  another  of  these 
speculations  as  to  human  remains.  It  is  said  to  be  a 
proof  of  the  especially  recent  formation  of  man,  that 
his  remains  are  not  found  in  the  same  alluvia  as  those 
of  other  animals.  What  support  of  Scripture  is  this? 
That  record  says  that  Man  and  animals  were  created 
within  one  short  period.  If  they  ought  thus  equally 
to  be  found,  and  are  not,  it  is  evidence  against  the 
record,  not  in  favour  of  it.  This  is  a  strange  over- 
sight: but  such  it  ever  is  with  Systems,  and  especially 
where  produced  for  a  special  purpose.  But  I  desire 
to  avoid  all  further  examination  of  this  disagreeable 
subject  also:  it  is  doubly  painful,  from  the  impropriety 
of  these  attempts  to  prove  what  rests  on  far  different 
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grounds,  and  from  the  names  attached  to  these  several 
speculations.  Burnet  has  already  remarked,  and  St. 
Augnstin  long  before  him,  on  the  impropriety  of  at- 
tempting to  prove  Scripture  by  what  may  ultimately 
prove  unfounded.  That  lesson  was  also  urged  by 
Bacon,  it  has  often  been  repeated,  but  it  seems  to 
have  been  ever  thro  wo  away.  Let  us  hope  that  we 
have  now  heard  of  this  pernicious  interference  for  the 
last  time. 

Of  the  Identification  of  Strata  through  organic 
Fossils. 

Practical  Geology  is  peculiarly  interested  in  this 
question,  and  it  especially  requires  to  be  investigated, 
not  only  because  the  utility  has  been  highly  overrated, 
but  because  it  continues  to  be  an  impediment  to  geo- 
logical knowledge,  by  supporting  the  hypothesis  of 
universal  formations,  even  when  that  is  renounced 
in  words.  I  have  formerly  shown,  that  in  the  man- 
ner in  which  strata  were  formed,  their  universal,  or 
even  wide  correspondence  was  impossible:  and 
if  there  is  here  a  fundamental  falsity,  there  is  a 
still  greater  one,  if  possible,  as  to  the  animal  fossils 
contained  in  them.  The  latter  must  be  tried,  as  usual, 
by  the  history  of  the  living  earth.  The  same  shell 
fishes  do  not  live  in  the  equatorial  and  polar  seas, 
they  are  not  even  the  same  in  the  British  channel  and 
the  Mediterranean:  I  have  made  the  remark  already, 
in  speaking  of  the  tertiary  strata.  This  is  fatal  to 
such  inferences :  if  those  two  seas  do  not  contain 
identical  races  of  living  shells,  whence  should  the 
limestones  which  we  have  thought  fit  to  call  Oolithes 
contain  the  same  fossils  in  Italy  and  in  England? 
similar  laws  as  to  former  organic  beings  may  be  in- 
ferred; dissimilar  or  contradictory  ones  cannot. 
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Again,  the  strata  now  forming  out  of  the  Scottish 
primary  mountains  cannot  be  the  same  that  are  in  the 
act  of  being  produced  by  the  calcareous  lands  of  Eng- 
land. Yet  both  contain  the  same  shell  fishes.  In  a 
future  world,  Geologists  who  may  reason  in  the  same 
manner,  will  prove  dissimilar  strata  to  be  the 
same,  through  similar  fossils.  There  is  no  meaning  in 
such  philosophy  as  this  :  and  that  which  is  the  history 
of  the  present  alluvia  is  the  history  of  the  consolidated 
strata.  There  is  no  order  of  succession  in  living  colo- 
nies, in  modern  seas;  there  cannot  have  been  such  an 
order  in  past  ones,  except  under  utter  assumptions, 
and  therefore  strata  ought  not  to  be  identifiable  in 
this  manner.  And  the  sum  of  this  priori  reasoning, 
further  is,  that,  to  prove  what  is  asserted,  every  species 
or  genus  should  have  succeeded  in  a  definite  order,  and 
changed  with  each  stratum :  and  this  also,  not  within 
a  limited  space  only,  but  over  half  or  the  whole  of  the 
world. 

Every  supposition  necessary  to  this  theory  of  iden- 
tification is  unfounded  or  improbable;  and  therefore 
such  a  test  ought  not  to  exist.  It  can  be  admitted 
within  limited  distances  and  deposits,  such  as  Eng- 
land, or  similar  tracts,  but  not  further;  least  of  all,  to 
the  extent  asserted.  Nor  does  it  exist  as  a  fact :  the 
experience  confirms  the  priori  reasoning.  A  limestone 
following  the  red  marl  occurs  in  England  and  France 
and  Spain  and  Italy:  it  is  the  lias  by  position;  if 
England  is  to  be  the  standard  for  all  Europe.  It 
contains  many  different  fossils  in  these  several  places ; 
and  the  same  is  true  of  any  other  stratum  or  series. 
All  this  is  well  known  to  Geologists,  yet  they  seem  to 
persist  in  their  system.  Echini,  turbines,  tellinae,  and 
chamae  are  found  from  primary  slate  up  to  chalk: 
they  certainly  do  not  indentify  those  strata.  It  is  the 


454      ON  THE  GEOLOGICAL  RELATIONS,  &C. 

same  with  madreporites,  pentacrinites,  eutomolites, 
gryphites,  pectines,  anomiae,  ostreae,  patellae,  ammo- 
nites, and  many  more ;  and  there  are  not  even  predo- 
minant associations  of  these.  Conchologists  them- 
selves can  extend  this  list,  as  I  need  not ;  any  cata- 
logue will  enlarge  it.  Crabs  exist  as  far  asunder  as 
the  mountain  limestone  and  the  chalk.  Crocodiles 
are  found  in  the  lias,  tlie  oolithe,  the  green  sand, 
and  the  upper  blue  clay.  Belemnites  abound  in  the 
chalk  of  Ireland,  and  are  rare  in  that  of  England. 
The  exceptions  are  too  abounding  to  permit  of  the 
rule ;  though  I  have  given  but  a  small  number. 

It  is  quite  time  that  geologists  should  review  their 
system,  in  this,  as  in  far  more,  and  correct  their  prac- 
tice. Then,  and  not  till  then,  shall  we  begin  fairly  to 
study  the  history  of  the  Earth  ;  and,  in  time,  we  shall 
know  the  Truth  ;  the  Truth  itself,  and  the  ever  odious 
truth  that  we  have  been  in  the  wrong.  Let  shells  be 
used  as  aids,  as  far  as  they  can :  but  if  strata  are  to  be 
determined  by  shells  alone,  it  will  be  the  land  of  shells 
and  conchologists  that  will  set  the  pattern  of  the  earthy 
as  other  lands  and  other  conchologists,  will,  under 
Breislak's  remark,  contest  for  other  patterns.  This  is 
riot  geology  ;  and  thus  will  Geology  never  be. 

I  terminate  this  chapter  by  referring  to  the  cata- 
logues of  conchologists  as  connected  with  the  strata, 
whether  in  this  or  in  other  countries.  They  will  furnish 
many  facts  of  reference  for  much  that  has  preceded : 
but  I  could  not,  with  any  propriety,  encumber  this 
work  with  them,  The  geological  bearings  of  these 
most  important  bodies  in  the  history  of  the  Earth 
have  been  stated  as  far  as  I  was  enabled  to  do  so 
from  the  information  in  existence. 
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CHAP.  XXI. 

On  the  successive  Forms  of  the  Earth  :  Revolutions 
of  the  Globe. 

THE  subject  of  the  present  chapter  is  intimately  con- 
nected with  a  rational  theory  of  the  earth.     It  com- 
prises the  history  of  those  revolutions  of  the  surface, 
previously  to   its  last,    or  present,  condition,  which 
have,  at  different  times,  involved  the   destruction   of 
some,  at  least,  of  the  organized  beings  by  which   it 
was    inhabited.       To  these    revolutions    we  are  in- 
debted for  its  most   striking  and  important  features ; 
as  to  these   it  is  owing,  that   the  animals   of  former 
days  are  now  known  to  us,  and  that  their  vegetables 
are  treasured  up  for  the  supply  of  our  wants.     If  the 
magnitude  of   the  powers  which  these  changes  in- 
volve, and  the  undefined  ages   which  they   demand, 
are  alarming  to  those  whose  views  have  been   con- 
fined,   by  timidity  or   prejudice,  to   a    narrow   circle 
of  obvious  facts,  let  them  recollect  that  nature  every 
where  displays  the   marks  of  enormous  power  more 
than  once  exerted ;  and  that  in  the  destruction   which 
she   every  where  exhibits,    in  the  equally   extensive 
and  tedious  successive   loss  and  renewal  of  races  of 
organized  beings,  and  in  many  other  geological  phe- 
nomena which  I   need  not  now  enumerate,  there   is 
implied  the  necessity  of  a  duration  to  which   we  dare 
not  assign  a  boundary. 

In  preceding  chapters,  the  nature  and  the  ap- 
pearances of  strata  and  of  stratification,  the  changes 
of  position  which  these  have  undergone,  and  the 
sources  of  the  unstratified  rocks,  have  been  so  far 
explained,  as  to  enable  the  reader  to  follow  without 
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difficulty,  the  views  which  it  is  intended  here  to  lay 
before  him.  In  a  certain  sense,  these  form  a  sum- 
mary of  some  parts  of  this  work.  The  subject  in- 
deed still  abounds  with  difficulties  which  I  do  not 
pretend  to  remove ;  but  if  the  facts  which  bear  on 
this  important  train  of  events  shall  here  be  arranged 
in  a  manner  somewhat  more  comprehensive,  this 
chapter  will  have  fulfilled  all  that  it  proposes  to  exe- 
cute. 

On  the  Evidences  of  Revolutions  in  the  Glole. 

The  marks  of  great  changes  which  the  earth  con- 
tains, consisting  in  the  successive  deposition  of  new 
strata,  under  circumstances  that  prove  the  existence 
of  intermediate  intervals,  imply  successive  periods  of 
repose,  interrupted  by  revolutions  indicating  the  ex- 
ertion of  enormous  forces.  During  repose,  the  strata 
were  formed  ;  in  the  intervals,  they  were  displaced. 
If  any  of  these  revolutions  can  be  shown  to  be  uni- 
versal, it  will  follow  that  the  whole  surface  of  the 
earth  has  been  changed  once  or  more :  if,  on  the  con- 
trary, they  are  only  partial,  it  cannot  be  concluded 
that  the  changes,  or  actions,  on  which  they  de- 
pended, however  extensive,  were  of  a  nature  to  in- 
volve the  entire  globe.  The  evidences  for  these  revo- 
lutions and  alterations,  must  be  sought  in  the  changes 
or  reversals  of  position  exhibited  by  approximate 
beds,  in  that  part  of  the  composition  of  strata  which 
indicates  the  existence  of  previous  rocks,  and  in  the 
presence  and  position  of  imbedded  organic  fossils. 

From  the  mode  in  which  alluvial  materials  of  dif- 
ferent kinds  are  now  deposited  beneath  water,  and 
from  the  general  doctrines  of  stratification  formerly 
examined,  it  has  here  been  concluded,  that  a  series 
of  strata  consecutively  parallel,  using  that  term  in  a 
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geological,  not  in  a  mathematical  sense,  has  been 
generated  during  one  period  of  repose  in  the  form 
and  place  of  the  waters  under  which  it  was  produced. 
Where,  on  the  contrary,  the  positions  of  approx- 
imate strata  cease  to  be  parallel,  or  where  they  must 
be  considered  as  reversed,  in  a  geological  sense,  it 
has  also  been  inferred  that  an  interval,  or  interrup- 
tion, of  greater  or  less  duration,  took  place  between 
the  deposition  of  the  inferior  and  that  of  the  superior 
series;  however  impossible  it  may  be  to  conjecture 
its  extent,  or  to  prove  the  exact  nature  of  the  inter- 
ruption. In  most  cases,  at  least,  it  is  further  con- 
cluded, from  appearances  which  I  need  not  now  re- 
peat, that  the  inferior  series  was  indurated  to  the 
state  of  a  rock,  before  the  deposition  of  the  loose  ma- 
terials, destined  to  be  similarly  indurated  at  a  sub- 
sequent period,  commenced.  It  is  further  evident, 
that  as  the  inferior  strata,  like  the  superior,  must 
have  been  deposited  in  a  position,  horizontal  or 
nearly  so,  their  present  state  must  have  been  the 
result  of  some  disturbing  force:  and  if,  to  simplify 
this  general  view,  it  is  assumed  that  the  upper  series 
is  horizontal,  and  the  inferior  elevated  to  some  con- 
siderable angle,  the  same  reasoning  will  apply,  under 
the  necessary  modifications,  to  cases  where  the  in- 
ferior strata  are  not  at  a  high  angle  and  the  superior 
not  at  a  low  one  ;  because  the  first  change  of  posi- 
tion, which  involved  only  the  inferior  strata,  may 
have  been  followed  by  others  which  affected  both ; 
a  supposition  proved  by  a  variety  of  facts  already 
mentioned,  which  will  necessarily  be  again  noticed 
here. 

Thus,  an  interval  of  time,  including  a  disturbance, 
is  proved  by  every  reversal  of  the  positions  of  approxi- 
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mate  strata;  as  an  interval  of*  repose,  apparently  much 
longer,  of  the  surface  of  the  earth,  is  also  proved  hy 
the  consecutive  arrangement  of  any  series:  while  the 
extent  of  the  series  in  question  thus  also  gives  an 
approximation  to  the  length  of  that  period  of  rest. 
This  rule  however  is  suhject  to  exceptions:  but  they 
are  such  as  do  not  vitiate  its  value.  As  formerly 
shown,  from  the  mode  in  which  elevated  strata  lie, 
those  which  succeed  to  them  must  often  he  parallel 
or  consecutive,  as  well  as  reverse;  and  this  double 
relation  may  even  take  place  within  very  small  spaces. 
In  such  cases,  the  interruption  is  determined  by  any 
tract,  however  small,  of  a  reversed  position;  or  by 
other  parts  of  the  relative  characters  of  the  two  ap- 
proximate series,  on  which  it  would  now  be  super- 
fluous to  enlarge. 

Now  although  these  reversals  of  position  indicate 
a  revolution  at  that  particular  spot,  they  do  not  prove 
that  such  changes  were  universal  or  extensive.  The 
extent  of  these  is  to  be  judged  of  by  other  circum- 
stances and  principally  by  the  extensive  range  oc- 
cupied by  the  inferior  and  by  the  superior  strata; 
as  will  be  more  fully  shown,  when  the  number  and 
nature  of  these  probable  revolutions  shall  come  under 
review. 

If  there  are  many  cases  of  revolution  which  can 
thus  be  proved  by  a  comparison  of  the  positions  of 
approximate  strata  alone,  there  is  one,  at  least,  for 
which  we  must  resort  solely  to  other  evidence.  In 
many  instances,  this  evidence  is  interesting,  even 
where  it  may  be  superfluous ;  while,  in  some,  it  serves 
to  indicate  that  which  mere  change  of  position  does 
riot,  namely  the  magnitude  and  extent  of  the  revo- 
lution, and,  that  within  undefineable  limits,  a  long 
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interval  of  time  had  elapsed  between  the  termination 
of  the  inferior  and  the  generation  of  the  superior 
series. 

This  evidence  consists  in  the  fragments  of  previous 
rocks  imbedded  in  the  later  strata,  or  in  the  nature 
and  composition  of  the  conglomerates.  By  means 
of  these  also,  we  can  sometimes  trace,  though  in  an 
imperfect  and  general  manner  only,  the  sources 
whence  the  newer  strata  were  derived ;  and  thus  they 
also  afford  some  light  towards  determining  the  ques- 
tion of  locality  or  limit,  with  respect  to  particular 
deposits.  The  mode  in  which  these  rocks  are  cal- 
culated to  afford  this  evidence  ought  already  to  be 
apparent.  The  local  conglomerates,  formerly  distin- 
guished from  the  general  ones,  do  not  enter  into  this 
question,  as  they  have  originated  in  local  causes  of 
another  kind.  The  trap  conglomerates  are  equally 
excepted,  as  depending  on  revolutions  in  which  this 
family  of  rocks  is  separately  engaged.  But  the  ge- 
neral ones,  consisting  of  the  fragments  of  different 
rocks,  agglutinated  by  materials  of  a  finer  kind,  are 
formed  out  of  the  alluvia  which,  in  a  former  state  of 
the  surface,  were  the  produce  of  these.  As  the  frag- 
ments of  the  present  strata,  produced  by  the  action  of 
the  wasting  forces,  are  now  forming  beds  in  such 
places  as  are  fitted  to  receive  them,  so  are  these  de- 
stined to  produce  future  conglomerates,  should  other 
revolutions,  similar  to  the  past,  occur.  And  as  these 
accumulations  necessarily  bespeak  a  long  period  of 
time,  so  do  those  which  enter  into  the  conglomerate 
rocks  equally  indicate  a  long  interval,  during  which 
the  substances  out  of  which  they  are  formed,  occu- 
pied a  place  above  the  waters  or  constituted  a  dry  land 
marked  by  hill  and  valley,  and  subjected,  as  the 
present  is,  to  the  action  of  riverb.  The  great  depth 
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of  the  finer  strata  which  commonly  follow  them, 
equally  prove  the  length  of  such  intervals  of  repose, 
before  they  were  again  lifted  above  the  waters  by 
subsequent  revolutions ;  but  they  do  not  prove  in  the 
same  decisive  manner,  that  the  rocks  from  which  we 
still  suppose  them  to  have  been  produced,  were  ac- 
tually indurated.  Neither  is  the  motion  or  the  trans- 
portation of  the  materials  so  well  indicated  in  the 
finer  strata;  while  the  fragments  found  in  the  con- 
glomerates, often  tend  to  illustrate  other  circumstan- 
ces of  importance,  which  could  not  be  proved  by  the 
examination  of  those. 

The  presence  and  position  of  organic  fossils,  are 
circumstances  of  a  limited,  though  certain  value,  in 
proving  revolutions  on  the  surface  of  the  globe; 
though  this  species  of  evidence  is  sometimes  rendered 
nugatory,  by  the  multitude  of  concomitant  circum- 
stances which  affect  these  bodies,  and  by  the  doubt 
in  which  we  must  consequently  remain  respecting 
their  successions  or  interruptions.  It  is  true,  that 
some  are  found  in  the  primary  rocks,  elevated  high 
above  the  level  of  the  present  ocean.  It  is  equally 
true  that  they  are  found  similarly  imbedded  in  the 
secondary  strata,  as  well  as  in  some  deposits,  subse- 
quent to  these,  or  independent  of  them.  It  has  also 
been  shown  that  certain  strata  do  not  contain  them,  that 
the  antient  are  less  numerous  than  the  modern,  that 
they  differ  in  some  degree  as  to  the  species,  and  that 
many  appear  to  be  extinct.  But  none  of  these  facts 
are  sufficient  to  prove,  absolutely,  that  there  has  been 
an  interruption  in  the  races  of  these  beings;  or  that 
an  antient  set  of  inhabitants  was  extinguished  before 
a  subsequent  one  was  formed.  Unless  that  could  be 
proved,  they  offer  no  further  testimony,  in  most 
(ayes,  on  the  subject  of  revolutions,  than  the  con- 
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glomerates  do,  although  they  are  valuable  records  of 
time,  as  formerly  remarked:  and  that  this  cannot  he 
proved,  I  have  shown  in  the  preceding  chapter.  But  there 
is  one  case  in  which  the  evidence  afforded  hy  organic 
fossils  is  peculiarly  valuable.  It  is  that  of  the  coal 
strata;  in  which,  the  presence  of  terrestrial  bodies 
proves  the  production,  above  the  level  of  the  sea,  of 
strata  which,  but  for  that  evidence,  we  might  have 
supposed  to  have  been  formed  below  it.  The  full 
value  of  this  fact  will  appear  when  these  strata  shall 
hereafter  be  examined. 

In  proceeding  to  enquire  into  the  number  of  the 
revolutions  of  the  surface  of  the  globe  which  appeal- 
capable  of  proof  from  the  evidence  thus  indicated,  I 
must  remark,  that  it  will  depend  on  considerations  of 
other  kinds,  what  the  extent  of  these  has  been  ;  how 
far  they  may  be  considered  local,  or  general,  or  uni- 
versal. It  is  also  scarcely  within  the  limits  of  our 
means,  to  enquire  into  the  lengths  of  the  intervals  of 
repose  between  successive  revolutions ;  since  the  evi- 
dence on  which  this  ought  to  rest  is  of  a  very  imper- 
fect nature,  from  the  numerous  accessary  circum- 
stances by  which  it  may  be  vitiated:  though  the  little 
which  may  be  fairly  offered  in  the  way  of  rational 
conjecture,  will  be  stated.  And  the  reader  is  now- 
prepared  to  understand  the  causes  of  these  revolutions  ; 
as  they  have  already  been  examined  in  treating  of  those 
elevations  of  strata  which  offer  the  most  convincing 
proofs  of  them. 

There  was  a  time  when  Geologists  expected  that 
every  enquiry  respecting  the  structure  of  the  earth 
should  contain  an  investigation  of  its  origin  and  crea- 
tion. That  period,  it  must  be  hoped,  is  past.  If 
there  are  any  who  are  still  desirous  to  commence  their 
researches  from  periods  which  lie  beyond  the  scope  of 
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observation  and  reasoning,  they  can  seek  in  the  works 
of  the  Cosmogonists.  Where  \ve  have  neither  expe- 
rience nor  analogy  for  our  guides,  all  is  conjecture  and 
darkness.  As  far  as  these  extend,  we  are  within  the 
hounds  of  philosophical  inquiry  :  beyond  it,  lies  the 
free  space,  the  ethereal  region  of  poetry. 

I  must  nevertheless  allude,  at  least,  to  the  specula- 
tions of  La  Place,  resting  on  far  other  grounds  than 
those  of  the  Cosmogonists  in  question ;  though  I 
presume  that  they  are  too  well  known  to  require 
detail.  They  are  rational  and  philosophical,  should 
they  not  be  proved  true  ;  but  I  do  not  fed  "that  I  am 
even  justified  in  stating  the  appearances  and  analogies 
on  which  they  rest,  in  a  place  where  I  have  undertaken 
to  detail  only  what  can  be  deduced  from  observation 
and  reasoning  upon  the  earth  as  we  know  it.  Here- 
after, this  fundamental  Theory  of  the  Earth  may  find 
a  fitter  place. 

It  is  the  object,  therefore,  of  the  following  discus- 
sion, to  trace  the  disposition  of  the  rocky  surface  of 
the  globe,  from  that  most  distant  or  early  point  at 
which  the  marks  of  change  are  perceptible,  and  to  pursue 
its  changes  down  to  the  present  day,  from  the  time  at 
which  these  marks  of  revolution  disappear.  Beyond 
that  distant  point,  it  is  possible  that  there  may  have 
been  other  changes;  but,  of  these,  we  can  find  no 
Evidence.  A  curtain  is  here  drawn,  to  separate  the 
visible  world  from  that  which  is,  to  us,  as  if  it  had 
never  existed.  That  this  System  had  a  beginning,  we 
are  certain  :  where  that  may  lie,  we  know  not  ;  but, 
for  us,  it  is  placed  beyond  that  aera  at  which  we  can 
no  longer  trace  the  marks  of  a  change  of  order,  of  the 
destruction  and  renovation  of  its  form.  It  is  from  this 
point  that  a  Theory  of  the  Earth  must  at  present 
commence  :  it  is  from  this  also  that  the  present  inquiry 
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begins.  But  it  forms  only  a  portion  of  what  belongs 
to  a  Theory  of  the  Earth.  It  is  an  attempt  to  detail 
and  establish  but  one  train  of  facts,  yet  of  important 
ones,  and  to  indicate  the  nature  of  the  evidence  and 
the  reasoning  by  which  they  are  supported. 

On  the  Revolutions  concerned  in  the  primary  Strata. 

I  have  formerly  shown,  that  whatever  differences  of 
antiquity  there  may  be  among  rocks,  we  can  only 
prove  those  relative  periods,  satisfactorily,  in  the  stra- 
tified ones,  under  sonic  exceptions  which  I  need  not 
now  repeat ;  and  to  these  therefore  must  this  inquiry 
be  confined.  Whatever  relations  these  may  bear  to 
the  horizontal  plane,  their  geological  inferiority  or 
superiority  is  unaffected  by  those,  and  is  assignable  : 
and  it  is  in  the  lowest,  therefore,  under  this  sense, 
that  we  must  seek  the  first  or  original  rocks  :  not  the 
"  primordial"  ones  of  theorists,  but  the  first  respecting 
which  we  can  procure  unquestionable  evidence.  And 
we  know  that  they  are  prior  to  any  nnstratified  rock, 
because  it  is  the  production  of  these  which  has  changed 
the  positions  of  the  others.  The  latter,  taking 
them  as  one  mass,  form  the  primary  strata  of  the 
present  arrangement  of  geologists,  as  the  lowest  of 
this  set  is  the  oldest  stratum  ;  while  the  consecutive 
general  parallelism  of  the  whole,  proves  that  they  have 
been  formed  during  one  interval  of  repose  in  that  ocean 
under  which  their  materials  were  accumulated. 

If  now  there  were  no  other  evidence  than  that  of 
position,  for  the  antiquity  of  a  rock,  these  primary 
strata,  generally  considered,  would  be  the  most  antient ; 
and  the  lowest  of  them,  supposing  this  ascertained,  the 
first  of  all.  But  I  have  shown  that  there  is  another 
kind  of  evidence,  to  be  derived  from  their  structure, 
or  ingredients;  and,  by  reasoning  from  this,  we  can 


464  ON    THE    SUCCESSIVE    FORMS 

safely  infer  that  there  has  been  at  least  one  order  of 
rocks,  prior,  even  to  the  "  primary;"  whether  more 
than  one,  will  he  im mediately  seen.  Many  of  the 
primary  strata  contain  fragments  of  older  rocks,  he- 
sides  the  finer  materials;  as  I  have  fully  shown,  in 
the  history  of  individual  strata.  Micaceous  schist 
thus  includes  fragments  of  limestone,  quartz  rock, 
hornblende  schist,  granite,  venous  quartz,  and  of  other 
micaceous  schist:  and  thus  also  does  quartz  rock  con- 
tain pebbles  of  quartz,  with  fragments  of  jasper, 
micaceous  schist,  and  clay  slate.  In  the  graywackes, 
or  compound  varieties  of  the  argillaceous  schists,  the 
same  is  notorious ;  but  the  evidence  is  complete 
without  this.  Thus  it  is  proved,  that,  prior  to  our 
primary  strata,  there  have  existed,  at  least,  granite, 
micaceous  schist,  hornblende  schist,  clay  slate,  jasper, 
limestone,  quartz  rock,  and  quartz  occupying  veins. 
There  may  have  been  others;  but,  in  the  mean  time, 
it  is  important  to  observe  the  exact  resemblance  be- 
tween the  present  primary  rocks,  and  the  still  more 
antient  ones,  from  the  ruins  of  which  they  have  been, 
partly  at  least,  formed. 

Now  as  the  compounded  rocks  now  forming  are 
produced  by  the  consolidation  of  materials  carried 
from  the  land  into  the  sea,  it  follows,  that  before  the 
formation  of  the  present  primary  strata  and  while 
they  were  still  buried  beneath  the  water  in  their  germs, 
there  was  a  terraqueous  globe;  an  earth  containing 
land  and  water,  mountains,  rivers,  and  seas.  That 
earth  also  was  formed  of  rocks  similar  to  those  of  the 
present  primary  strata,  and  further,  it  is  important  to 
observe,  of  granite  also ;  proving  that  this  agent  had 
then,  as  in  later  times,  been  the  cause  of  the  elevation 
of  the  strata.  That  the  sea  of  this  globe  was  inha- 
bited by  animals,  is  proved  by  the  presence  of  organic 
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fossils  in  the  primary  strata,  as  described  in  the  last 
chapter;  but  if  there  is  no  proof  that  the  land  was 
also  thus  occupied,  I  have  shown  in  that  chapter,  that 
the  reverse  cannot  be  inferred.  If  the  anthracite  of 
which  I  there  spoke  be  admitted  to  be  of  vegetable 
origin,  there  is  proof  of  what  were  probably  terrestrial 
plants :  and  if,  as  is  said,  vegetable  fossils  have  been 
found  in  the  primary  argillaceous  schists,  this  proof  is 
unquestionable.  We  have,  at  least,  no  right  whatever 
to  assume  that  it  was  not  an  inhabited  earth  in  every 
mode. 

I  may  now  inquire  whether,  by  the  same   mode  of 
investigation,  we  can  trace  a  still  anterior  globe.  This, 
it  is  plain,  can  no  longer  be  done  by  the  examination 
of  the  nature  of  whole  strata,  but  it  may  be  attempted 
by  that  of  their  fragments.     It  might  indeed   be  de- 
termined  by  the  fragments  of  clay  slate  alone  which 
enter  into  the  composition  of  the  primary  strata.     We 
are  certain,  from  the  imbedded  fossils,  that  our  own 
primary  slates  were  formed  out  of  mud  deposited  in 
the  sea,  and  the  produce  of  rocks  once  existing  above 
the  surface.     I  may  extend   the    same  reasoning  to 
those  rocks   antecedent  to  the  primary  strata,  which, 
once  elevated  above  the  earth,  furnished  the  fragments 
in  question.  These  then  were  the  produce  of  a  former 
sea,  the  receptacle  of  the  ruins  of  rocks  still  more 
antient,   and  similarly  elevated  above  the  waters   to 
which  their  waste  was  conveyed.     There  is  no  reason 
for   limiting  the  application  of  this  argument;  for  it 
applies  equally  to  each  preceding  set  of  similar  phe- 
nomena, as  it  does  to  the  latest,  which  we  can  almost 
be  said  to  witness  in  the  present  deposits  of  clay.  But 
as  no  one  deserving  the  name  of  a  geologist  can  doubt 
that  the  imbedded  fragments  in  the  older  strata  are 
really  the  fragments   of  prior  rocks^  whatever  may 
VOL.  r.  H  H 
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have  been  said  by  certain  writers,  no  difficulty  can 
arise  on  this  subject.  Hence  then  I  have  drawn  the 
further  conclusion,  that  there  was  one  terraqueous 
globe,  one  earth  divided  into  sea  and  land,  even  prior 
to  that  last  named ;  containing  mountains  to  furnish, 
and  an  ocean  to  receive  those  materials  which  formed 
the  second  set  of  mountains  whose  fragments  are  now 
imbedded  in  our  primary  strata,  or  in  those  of  a  third 
order.  Geologists  may  perhaps  be  startled  at  con- 
clusions which  they  have  hitherto  overlooked,  obvious 
as  they  are,  and  clear  as  the  reasoning  is  :  how  they 
should  not  have  been  seen  by  those  who  have  shown 
such  anxiety  to  maintain  the  antiquity  of  the  globe, 
it  is  not  for  me  to  explain. 

Thus  I  have  traced  a  world,  the  fourth  at  least  in 
order  backwards  from  the  present :  how  much  more 
distant  from  this,  I  shall  inquire  hereafter,  that  I  may 
give  the  reader  a  resting  place  for  that  which  requires 
reflection.  But  at  this  point  all  evidence  fails.  Be- 
yond it  we  cannot  now  go ;  and,  beyond  it,  can 
perhaps  never  hope  to  ascend.  Fragments  may  in- 
deed be  imagined,  imbedded  in  our  primary  strata, 
of  so  complicated  a  character  as  to  be  capable  of  ex- 
tending this  evidence  even  one  stage  further ;  but  it 
is  scarcely  to  be  expected  that  any  thing  of  this  kind 
should  have  been  preserved  through  such  a  series  of 
destruction  and  renovation. 

Whether  that  most  antient  of  all  the  Earths,  which 
is  thus  marked  out  by  these  delicate,  yet  unques- 
tionable evidences,  contained  animals,  we  cannot  de- 
termine. It  is  a  question  that  would  be  decided  in 
the  affirmative,  if  organic  remains  were  to  be  found 
in  the  fragments  which  enter  into  the  primary  strata. 
We  cannot  hope  for  such  evidence  as  this  ;  but, 
from  its  absence,  we  have  no  right  to  determine  on 
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the  negative.  It  is  something,  to  have  traced  even 
an  inanimate  globe  through  such  a  series  of  changes  ; 
to  have  arrived  at  that  which  is,  to  us,  the  com- 
mencement of  all  order.  On  what  existed  before 
that  period,  we  may  form  conjectures,  but  we  can 
reason  no  longer:  they  who  choose,  may  imagine 
even  prior  revolutions ;  since  it  might  be  supposed 
that  the  strata  of  the  most  distant  earth,  thus  pointed 
out,  must  have  been  produced  from  a  still  prior  si- 
milar one.  But  where  evidence  ceases,  the  limits  of 
sound  philosophy  are  drawn.  The  last  globe  that  we 
can  trace,  is,  to  us,  the  primordial  one.  Beyond,  is 
the  region  of  hypothesis  :  it  is  for  this  to  speculate 
on  what  preceded,  and  to  fix  the  period  of  absolute 
Creation. 

With  respect  to  the  nature  and  causes  of  the  revo- 
lutions belonging  to  these  remote  conditions  of  the 
globe,  we  can  but  argue  from  general  analogy,  and 
thus  presume  that  they  resembled  the  later  ones  re- 
specting which  we  possess  evidence.  Yet  we  are  not 
absolutely  deprived  of  some  evidence  as  to  the  causes ; 
since  the  fragments  of  granite  in  the  micaceous  schist 
are  sufficient  to  prove  that  the  strata  immediately  an- 
terior to  our  primary  ones  had  been  elevated  by  this 
substance,  just  as  these  have  been. 

It  was  necessary  to  commence  from  the  primary 
strata,  and  to  conduct  this  enquiry  retrogressively ; 
because  the  only  evidence  of  the  earliest  conditions  of 
the  earth  consists  in  their  constitution.  But  I  must 
return  to  the  same  point,  for  the  purpose  of  tracing 
forwards,  or  to  later  periods,  the  revolutions  suc- 
ceeding to  that  which  first  elevated  the  primary  strata 
from  the  bottom  of  the  ocean.  It  must  be  remem- 
bered however,  that  the  term  primary  is  here  used  in 
its  accepted  sense,  as  a  conventional  distinction, 
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adopted  for  the  purposes  of  an  antient  artificial  classi- 
fication. 

In  this  state  of  the  earth,  the  present  primary  strata 
occupied  horizontal  positions  beneath  this  ocean ; 
though  we  are  uncertain  whether  certain  parts  of 
those  which  we  now  esteem  such,  might  not  have 
been  the  very  mountains  whence  they  were  formed. 
This  is  probably  the  fact";  however  incapable  we  yet 
are  of  proving  it,  owing  to  our  imperfect  observations, 
and  the  still  more  imperfect  views  which  geologists 
have  hitherto  taken  of  a  theory  of  the  earth.  We 
cannot  conceive  that  all  the  supramarine  land  which 
produced  the  primary  strata  should  have  been  moul- 
dered and  transferred  to  the  sea  before  these  under- 
went their  first  disturbance,  nor  that  it  should  all 
have  been  depressed  beneath  the  sea  while  the  new- 
formed  rocks  were  elevated. 

Whatever  may  be  judged  as  to  this,  the  present 
relative  position  of  the  lowest  secondary  strata  to  the 
primary,  shows  that  the  latter  must  have  been  dis- 
placed before  the  deposition  of  those,  and  that,  here, 
a  general  revolution  has  occurred.  And  it  is  also 
plain,  that  by  this  revolution,  one  portion  of  the 
primary  strata  must  have  remained  beneath  the  waters, 
to  receive  those  deposits  which  produced  the  secon- 
dary ;  while  another  must  have  been  elevated  above 
the  ocean,  to  furnish  their  materials.  It  might  in- 
deed be  imagined,  that  a  continuation  of  the  same 
actions  on  the  mountains  which  furnished  the  ma- 
terials of  the  primary  strata,  had  furnished  those  of 
the  immediate  secondary  also,  and  that  no  portion 
of  these  had  been  elevated  above  the  sea  in  this  revo- 
lution, however  displaced  beneath  it.  But  this  ques- 
tion is  answered,  by  showing  that  the  lowest  secon- 
dary stratum  contains  fragments  of  rocks  which  can 
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scarcely  have  been  derived  from  any  other  system  of 
strata  than  that  of  the  primary  ones. 

I  must  now  remark  of  the  "  transition"  rocks  of 
Geologists,  that  as  this  term  was  founded  on  a  false 
and  impossible  theory  of  the  deposition  of  rocks, 
and  as  the  nature  and  boundaries  of  this  class  have 
never  yet  been  defined  or  proved,  I  have  not  given  it 
a  place  in  this  work,  among  the  facts  of  Geology. 
Yet  if  it  should  really  be  established  by  future  and 
better  observations,  I  shall  owe  the  science  an  apo- 
logy to  which  I  cannot  yet  consider  any  geologist 
entitled ;  and  the  views  just  held  out  must  be  modi- 
fied accordingly,  by  the  addition  of  another  condition 
of  the  earth  and  another  revolution.  On  the  pro- 
bable nature  of  this,  it  would  be  idle  to  speculate 
until  proofs  of  the  existence  of  such  a  series,  distinct 
from  the  primary,  and  intermediate  between  it  and 
the  lowest  of  the  secondary,  shall  be  produced,  and 
till  it  shall  be  shown  what  relative  position  it  bears 
to  the  former. 

We  have  now  therefore  a  new  ocean  and  a  new 
earth  ;  a  state  in  which  we  are  sure  that  there  were 
sea  and  land ;  an  ocean  receiving  the  ruins  which 
form  the  lowest  of  the  secondary  strata,  brought  into 
it  by  the  flow  of  the  rivers,  and  mountains,  from 
which  these  rivers  flowed ;  consisting  of  the  very 
rocks  which  form  the  primary  mountains  of  the  pre- 
sent globe.  In  that  new  ocean  lived  the  animals 
which  are  now  imbedded  in  the  most  antient  of  the 
secondary  strata  ;  but  our  proofs  are  imperfect  when 
we  try  to  discover  whether  that  dry  land  was  also  in- 
habited. No  remains  of  land  animals  are  found  in 
the  lowest  red  sandstone,  or  in  the  mountain  lime- 
stone which  succeeds  it ;  but  the  same  evidences  of  a 
vegetable  world  exist,  as  in  the  case  of  the  primary 
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strata.  Yet  this  absence  does  not  prove  a  negative* 
These  strata  were  formed  beneath  an  ocean ;  and, 
under  that,  terrestrial  plants  or  animals  could  not 
have  been  deposited,  without  a  transportation  which 
few  could  have  resisted  with  the  preservation  of  their 
integrity  ;  which  none  might.  It  is  still  possible  that 
such  remains  may  be  found,  as  our  experience  is  yet 
limited  as  to  these  subjects. 

Whether  the  revolution   which    first  elevated   the 
primary  strata  from  the  bottom  of  the   sea,   was   uni- 
versal, or  partial,  we  cannot  determine.  Theorists  have 
considered    it  universal,  it  is   true;     but  the    proofs 
are  far  from  conclusive.     These  rocks  are  indeed  found 
so  widely  disseminated  over  the  present  surface  of  the 
earth,  that,  in  a  certain   sense,  they  may   be   called 
universal.     But  it  must  be  remembered  that  they  do 
not  appear  above  that  highly  disproportionate  extent 
occupied  by  the  ocean ;  so  that  even  if  proved  to  be 
elevated  where  they  are  now  visible,  at  one  period  of 
time,  that  revolution   would   not  be  universal  in  the 
strict  sense   of  the  term.     But   perhaps  this  is  to  re- 
fine too  much:  it  would  be  fairly  judged  so,  if  it  were 
not  proved  that  many  revolutions  of  the  surface   were 
strictly  partial,  and  that    every  one   ought  therefore, 
probably,  to  be  viewed  as  involving  changes  of  greater 
or  less  extent. 

It  must  here  be  recollected,  that  the  whole  of  the 
primary  strata  as  we  know  them,  were  not  brought 
to  their  present  places  by  one  revolution;  we  are 
certain  that  they  underwent  two,  and  even  more;  as 
it  is  evident  that  they  must  have  been  elevated  a 
second  time,  at  least,  together  with  the  secondary 
strata,  were  there  even  but  one  revolution  as  to  these. 
The  rocks  which  furnished  the  materials  of  the  latter 
were  unquestionably  elevated  above  the  ocean  by  the 
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first  revolution   which   displaced  them;  but   as   they 
were  again  elevated  a  second  time,  or  oftener,  together 
with  the   secondary   strata,  other  rocks,  or  fresh  por- 
tions, must  have  emerged  at  the  same   periods.     And 
all  these  must  have  emerged  for  the  first  time,  which 
are  now  covered  by  the  secondary  strata ;  though  they 
had   previously  been  displaced  beneath  the  sea,  since 
these    strata   were    deposited    on    them    beneath    the 
waters.     If  as  has  been  supposed,  the  present   secon- 
dary strata  did  once  entirely  cover  the  primary,  the 
whole  of  these  latter  must  have  remained  at  the  bot- 
tom of  the  ocean,  after  their  displacement;  and  no 
dry  land,  consisting  purely  of  the  primary  rocks,  ever 
existed.     But  we  are  sure  of  the  contrary;    because 
it  is   only  in  such   a  situation   that  they  could  have 
furnished    the   materials    of  the    secondary.      Hence 
therefore  I  must  conclude,  that  some  of  the  primary 
strata  never  were  covered    by    any  secondary    ones; 
while  the  others  have  emerged  during  that  subsequent 
change  which  brought  these  to  the  surface.     In  some 
places,    these    have  probably  been  laid  bare    by  the 
actions  of  waste   now  going  on;  thus  preventing  us 
from  distinguishing  the  two  cases:  in  others  they  con- 
tinue covered.     To  assume,  as  has   been  done,  that 
the  whole  of  the  primary  strata  were  once  covered  by 
the    secondary,    we   must   conceive,    that,    after  one 
elevation,  they  were  again  entirely  depressed  beneath 
the  sea  for  the   purpose  of  receiving  these;    while, 
even  then,  their  production  cannot  be  explained,  as 
there  could  have  been  no  supramarine  land.     This  is 
to  invent  an  impossible  hypothesis  to  account  for  that 
which  cannot  be  proved  to  have  existed. 

Having  thus  examined  the  successive  conditions  of 
the  globe  that  were  anterior  to  the  appearance  of  the 
secondary  strata  above  the  ocean,  it  is  proper  to  en- 
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quire  of  the  great  question  of  Time.  It  is  not,  of  course, 
meant  to  ask  what  was  the  absolute  length  of  time 
which  passed  from  the  first  condition  to  that  last  ex- 
amined, nor  of  that  which  was  appropriated  to  each 
particular  condition.  Such  questions  must  for  ever 
lie  beyond  the  sphere  of  our  powers.  But  we  can 
discover  that  the  whole  period  must  have  been  in- 
calculably great,  that  even  one  of  the  portions  was 
of  immense  duration ;  and  hereafter,  in  comparing  all 
these  portions  with  each  other,  up  to  the  present 
time,  although  we  shall  never  discover  the  absolute 
length  of  any  interval,  we  shall  be  able  to  draw  in- 
ferences respecting  their  comparative  quantities  and 
general  sum. 

We  have,  in  the  first  place,  no  means  whatever  of 
conjecturing  the  length  of  time  occupied,  in  any  case, 
by  the  interval  of  change  or  revolution.  Whether 
the  elevation  of  the  strata  which  accompanied  and 
immediately  produced  it,  was  of  long  or  short  dura- 
tion, whether  it  consisted  in  a  series  of  repeated  actions, 
or  in  one  sudden  and  violent  catastrophe,  must  for 
ever  remain  unknown  to  us;  though  the  present 
nature  of  volcanic  action,  to  which  it  must  have  been 
analogous,  should  lead  us  to  infer  a  considerable 
duration,  and  repeated  actions.  But  we  are  not  left 
equally  in  the  dark  respecting  the  interval  of  repose; 
that  interval  during  which  there  existed  a  world 
divided  into  sea  and  land,  and,  in  one  case,  at  least, 
of  the  different  periods  up  to  the  point  in  question, 
inhabited.  That  interval  is,  in  every  case,  measured  by 
the  submarine  deposits  of  the  sea  which  was  the  ocean 
of  that  world;  and  to  these  we  gain  access  in  the  subse- 
quent revolution  which  brings  them  to  the  surface  of  the 
earth.  We  have  every  reason  to  know,  from  what 
is  now  taking  place  on  our  own  earth,  that  the  ac- 
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cumulation  of  materials  at  the  bottom  of  the  oeeaiv 
is  a  work  infinitely  slow:  we  are  sure  that  such  an  ac- 
cumulation as  should  produce  the  primary  strata  as  we 
now  see  them,  must  have  occupied  a  space,  from  the 
contemplation  of  which  the  mind  shrinks.  Whatever 
that  may  be,  the  geological  depth  of  the  consecutive 
series  of  any  one  stage  of  the  surface,  is  the  measure 
of  the  time  through  which  it  was  deposited:  it  is  the 
measure  of  the  duration  of  that  world  which  immedi- 
ately preceded  the  one  of  which  it  forms  the  latest 
stratified  portion. 

Hence  the  duration  of  that  state  of  the  globe  in 
which  its  dry  land  consisted  of  the  present  primary 
rocks  alone,  is  measured  by  the  nearest  consecutive 
mass  of  the  present  secondary  strata ;  and  as  we  have 
not  yet  examined  into  these,  this  question  cannot  be 
investigated  till  at  a  future  period  of  the  present  en- 
quiry. But,  for  the  same  reason,  we  are  competent 
now  to  enquire  of  the  duration  of  that  world  which 
preceded  the  primary,  because  it  is  measured  by  those 
strata,  now,  equally  with  the  secondary,  subject  to 
our  inspection.  The  thickness  of  these  strata  we 
know  to  be  enormous,  although  subject  to  great 
variety.  But,  in  this  variety  of  depth,  the  present 
question  of  duration  is  not  interested;  since  that  must  be 
measured  by  the  greatest,  not  by  the  least.  How  these 
depths  are  discovered  by  geological  observations  and 
inferences,  was  shown  in  a  former  chapter;  and  that 
they  extend  to  many  miles  was  also  proved.  Their 
absolute  depth  is  not  interesting  in  this  enquiry,  be- 
cause we  know  not,  in  any  case,  the  relation  between 
that  and  the  time  required  to  produce  it.  It  is  here 
sufficient  to  show  how  the  immensity  of  the  one  is 
implied  by  the  magnitude  of  the  other.  Yet  it  is  also 
interesting  to  observe  comparatively,  that  a^the  great- 
est depth  of  the  primary  strata  yet  examined  appear* 
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far  greater  than  that  of  the  first  consecutive  portion 
of  the  secondary,  so  the  duration  of  that  state  of  the 
earth  which  preceded  the  one  in  which  the  present 
primary  rocks  formed  the  only  surface,  was  greater 
than  the  duration  of  that  which  immediately  followed 
it,  and  of  which  the  length  is  measured  by  the  first 
portion  of  the  secondary  strata.  The  primary 
strata  measure  the  repose  of  the  preceding  ocean. 

Beyond  this  w7e  cannot  go  a  step  on  the  subject  of 
duration;  at  every  point  anterior  to  it,  all  must  for 
ever  remain  unknown,  because  we  have  no  longer  any 
deposits  of  strata  by  which  to  calculate.  Changes 
have  been  proved;  and,  with  these,  our  enquiries  must 
inevitably  cease.  Here  also  I  must  terminate  the 
history  of  those  states  of  the  earth  which  bring  us 
down  to  the  secondary  strata;  to  that  which  has  been 
supposed  the  last  great  revolution  of  the  earth,  but 
which,  I  hope  to  show,  is  only  one  out  of  many,  of 
which  the  traces  are  legibly  written  in  characters  that 
cannot  be  misapprehended. 

On  the  Revolutions  concerned  in  the  Secondary  Strata. 

While  the  present  primary  rocks  formed  the  sole 
dry  land  of  the  terraqueous  globe  last  described,  the 
usual  causes  of  waste  were  depositing  on  the  bottom 
of  its  ocean,  materials  destined  to  rise  again  in  future 
strata.  As  the  former  had  been  already  displaced, 
the  horizontal  deposits  which  thus  covered  them 
became  necessarily  inconsecutive ;  preserving,  how- 
ever, a  parallelism  in  some  places,  while  they  assu- 
med, in  others,  one  variously  reverse,  according  to  the 
previous  state  of  the  foundation  on  which  they  were 
laid.  In  that  various  position,  we  now  find  them 
elevated  above  the  surface  of  the  water;  arid  thus  the 
secondary  strata,  or  that  division  of  them  now  under 
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review,  are  distinguished  from  the  primary,  though 
they  should  not  every  where  be  inconsecutive.  It 
is  sufficient  if  that  occurs  in  any  one  instance;  be- 
cause, had  they  been  formed  after  the  primary, 
in  the  same  period  of  repose  under  the  same  ocean,  it 
could  not  have  happened,  even  in  one. 

I  need  but  repeat  now,  that  the  primary  strata  fur- 
nished the    materials  of  the   secondary    ones,  being 
thus,  above  the  ocean  ;  yet  this  fact  explains   another 
set   of  geological  appearances,  of  some  importance, 
not  yet  noticed.      This  is,  the  absence  of  the  lower 
order,    as    of    any   other  superior  ones,    among    the 
secondary   strata,     even    when  still  higher    ones  are 
present.     The  primary  ones  which  had  emerged,  and 
could  not  therefore  have  been  covered   by  them,  be- 
came depressed  by  subsequent  revolutions,  as   I   shall 
hereafter  show,  and  thus   received  the  deposits   of  a 
later  date,  which  might  thus   have   been   stratified  in 
contact  with  them,  even  as  far  up   as  the  uppermost ; 
while  I  have  formerly  shown  that  this  occurrence   is 
frequent,  under  many  modes.     And  as  it  will  be  un- 
necessary hereafter  to  point  out  how  this  might  have 
occurred  in  specific  cases,  in  the   several  portions   ot 
the  general   series,    I   shall  not  repeat    the    remark. 
Among  the  complicated  elevations  which  have  taken 
place,  it  is  easy  to   find   solutions  for  every  such  in- 
stance   of    intermediate    deficiencies :     either  in   this 
cause,  or  in  the  removal  of  strata  which  had  once  been 
deposited,  the  foundations  of  which  had  been   after- 
wards submerged  to  receive  new  ones. 

I  must  now  enquire  respecting  the  period  of  repose 
which  took  place  in  that  world,  of  which  the  primary 
strata  "formed  the  dry  land.  Of  that  interval,  the 
highest  limit  is  the  period  of  the  elevation  of  these 
rocks  from  the  sea,  or  that  of  the  commencement  of 
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the  deposition  of  the  secondary  strata;  and  the  lowest 
is  that  at  which  this,  the  next  subsequent  series,  or 
any  part  of  it,  was  elevated.  It  is  therefore  necessary 
to  ascertain  the  place  of  the  next  revolution  which 
followed  the  one  which  raised  the  primary  strata  ;  and 
this  can  be  done,  only  by  examining  the  whole  of  the 
secondary,  and  by  observing  where  the  first  indica- 
tions of  such  a  change  occur.  That  it  did  not  involve 
all  of  these,  as  denoted  by  this  general  term,  I  hinted 
before,  and  shall  now  attempt  to  prove;  by  showing 
that  the  greater  part  of  them  were  not  in  existence  at 
the  time  of  the  first  elevation. 

We  do  not  know  the  nature  and  number  of  the 
unconformable  strata  which  follow  the  primary  in 
every  part  of  the  world ;  while  I  have  also  just  shown, 
as  I  have  formerly  proved  by  facts,  that  deficiencies 
may  occur,  in  such  a  manner  as  to  permit,  in  one 
place,  an  upper  member  or  an  upper  series  to  come 
into  contact  with  a  rock^  from  which,  in  some  other, 
it  is  separated  by  a  great  number  of  intervening 
strata.  Thus,  even  strata  high  up  in  the  secondary 
series  have  been  shown  to  come  into  contact  with 
gneiss  and  with  granite.  This  fact  therefore  does  not 
affect  the  general  reasonings  that  are  to  follow  :  in 
some  cases,  it  may  show  that  certain  revolutions  were 
partial :  in  others,  it  is  explained  by  various  circum- 
stances already  examined,  such  as^  the  loss  of  pre-ex- 
isting strata,  and  the  effects  of  the  elevating  and  dis- 
turbing forces.  It  is  sufficient,  for  the  present  pur- 
pose, to  assume  the  lowest  secondary  strata  which 
exist  in  any  part  of  the  world.  If  these  should  prove 
very  limited,  it  will  follow  that  the  revolution  which 
disturbed  them  was  partial ;  if  widely  diffused,  that 
it  was  more  general,  or  perhaps  universal.  To  sim- 
plify this  question,  therefore,  I  shall  take  the  lowest 
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of  the  English  series,  the  red  sandstone  and  the  moun- 
tain limestone,  both  of  them  inferior  to  the  coal 
strata.  Whatever  rocks  in  any  other  part  of  the 
earth  shall  he  found  to  hold  an  analogous  position, 
be  their  qualities  what  they  may,  they  will  he  in- 
cluded in  the  same  general  reasonings  ;  care  being 
taken  not  to  decide  in  these  by  their  inferior,  but  by 
their  superior  portions  ;  not  by  the  rocks  on  which 
they  repose,  but  by  those  which  follow  them  in  the 
order  upwards. 

The  lowest  secondary  strata  then,  in  England,  are 
followed  by  a  series  of  sandstones  and  shales  inter- 
stratified  with  coal ;  and  at  that  point  the  first  revo- 
lution or  elevation  of  the  secondary  strata  must  be 
fixed.  If  such  an  interval  of  revolution  cannot  here 
be  always  proved  by  the  two  first  classes  of  evidence 
originally  laid  down,  namely,  contrariety  of  position 
and  the  presence  of  materials  derived  from  the  rocks 
immediately  preceding,  it  is  amply  evinced  by  the 
third,  or  by  the  presence  of  terrestrial  remains.  The 
coal  strata  were  formed  above  the  level  of  the  sea ; 
and,  being  founded  on  the  inferior  secondary  strata, 
it  is  evident  that  these  had  become,  to  a  certain  de- 
gree, dry  land  before  that  period.  This  evidence  in- 
deed is  abundantly  confirmed  by  the  occasional  dis- 
cordance of  position  between  the  two  series. 

Thus  then  we  have  proofs  of  a  revolution,  partial 
or  otherwise,  which  elevated  the  inferior  secondary 
strata ;  and  it  is  the  third,  at  least,  in  order,  of  those 
which  have  occurred.  To  conjecture  its  extent,  we 
ought  to  know,  over  how  many  parts  of  the  earth 
these  inferior  strata  can  be  traced.  On  this  subject, 
unfortunately,  our  information  is  still  defective ;  from 
the  confusion  which  some  geologists  have  made  re- 
specting the  secondary  strata.  But  if  the  coal  series 
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of  England  should  he  found  widely  diffused  over  the 
globe,  it  would  prove  that  this  revolution  had  heen, 
at  least  equally  extensive. 

It  must  now  however  be  observed,  as  before  hinted, 
that  the  secondary  strata  could  not  have  been  ele- 
vated above  the  level  of  the  waters  without  their 
foundations  ;  and  thus  therefore  the  primary  strata 
are  proved  to  have  experienced  two  disturbances,  at 
least,  up  to  the  present  point :  two,  if  these  revo- 
lutions were  general ;  many,  respecting  which  we  can 
form  no  conjecture,  if  they  were  partial  and  succes- 
sive, or  different  in  different  places.  And  as  the 
period  of  repose  of  that  world  in  which  these  lowest 
secondary  strata  were  formed,  is  measured  by  their 
depth,  it  was  apparently  inferior  in  duration  to  thut 
of  the  condition  which  preceded  it  ;  as  their  greatest 
or  average  dimensions  do  not  appear  to  equal  those 
of  the  primary. 

At  this  point  in  the  revolutions  of  the  glohe,  there 
commences  a  very  intricate  set  of  changes,  without 
which  it  is  impossible  to  explain  the  generation  and 
position  of  the  coal  strata.  These  occupy  detached 
places,  reposing  on  the  inferior  rocks  wherever  they 
happen  to  lie  ;  often,  if  not  always,  in  an  uncon- 
formable  position  to  those,  and,  frequently,  very 
much  disturbed.  They  consist  of  various  alternations 
of  sandstone,  shale,  clay,  and  coal,  and  occasionally 
of  limestone  ;  varying,  almost  every  where,  in  num- 
ber, in  order  of  alternation,  in  the  proportions  of  the 
several  substances,  and  in  the  total  depth  of  the  whole 
deposits.  We  have  no  reason  to  think  that  they  are 
the  produce  of  different  seras,  if  they  do  not  always 
lie  on  the  same  rocks  ;  for  the  reasons  already  stated: 
there  is,  on  the  contrary,  some  reason  to  think,  but 
no  proof,  that  they  are  the  produce  of  the  same ;  be- 
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cause  of  their  general  similarity  of  character,  because 
of  the  nature  and  extent  of  the  strata  which  immedi- 
ately follow  them,  because  of  their  correspondence 
in  geological  features,  and  because,  to  suppose  other- 
wise, is  to  render  still  more  complicated  the  view  of 
the  revolutions  on  which  their  present  states  must 
have  depended.  I  must  at  least  reason  on  them  as  if 
they  were  of  one  period  ;  that  I  may  preserve  the 
needful  simplicity  of  this  enquiry  :  should  they  prove 
of  different  aeras,  the  modifications  that  will  be  re- 
quired are  obvious,  and  the  train  of  reasoning  is 
pointed  out. 

The  composition  and  nature  of  these  strata,  no  less 
than  the  presence  of  their  peculiar  organic  fossils, 
prove  that  they  were  formed,  as  far  as  they  are  earthy 
substances,  from  the  ruins  of  rocks  then  above  the 
surface  of  the  water  which  received  these.  Those 
must  have  consisted  both  of  the  primary  and  the 
lower  secondary  strata,  as  both  were  then  elevated 
above  the  waters.  But  although  the  coal  strata  were 
formed  beneath  water,  they  could  not  have  been  pro- 
duced beneath  the  ocean.  They  include,  throughout, 
the  remains  of  terrestrial  plants  which  could  not  have 
undergone  transportation,  as  the  very  coal  itself  is 
proved  to  be  the  result  of  an  accumulation  of  vege- 
tables. Their  analogy  to  the  recent  depositions  of 
peat,  and  to  its  alternations  with  sand,  marl,  and 
clay,  as  these  occur  in  our  present  fresh  water  lakes 
and  bogs,  equally  tend  to  show  that  they  were  formed 
on  the  land  ;  in  marshes,  or  on  the  margins  and  bot- 
toms of  lakes  and  aestuaries,  in  a  manner  similar 
to  that  in  which  strata  are  now  formed  in  lakes  or 
beneath  the  ocean.  Though  there  should  be  some 
difficulty  in  accounting  for  the  great  depth  and  the 
numerous  alternations  in  some  of  these  deposits,  the 
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general  principle  is  not  affected.  If,  during  the  pre- 
sent state  of  the  surface,  several  alternations  of  peat 
and  earthy  matters  can  he  formed  in  our  lakes  and 
^estuaries,  much  more  numerous  ones  might  have 
been  produced  in  antient  periods,  under  greater  du- 
ration, and  under  variations  of  the  state  of  the  sur- 
face, the  chief  of  which,  as  bearing  on  this  question, 
I  shall  shortly  explain.  " 

Here  then  is  a  state  of  the  earth,  during  which  a 
large  portion  of  it,  laid  dry,  contained  cavities,  lakes 
or  basins  or  aestuaries,  in  which  were  preparing  a 
peculiar  set  of  strata ;  while  that  period  of  repose  is 
measured  by  the  depth  of  the  coal  series  in  anyplace: 
and  as  we  know  that  in  some,  it  is  very  considerable, 
the  period  in  question  must  have  been  correspondently 
great.  But  while  these  deposits  were  forming  above 
the  sea,  it  is  plain  that  others  must  have  been  also 
forming  below  it ;  and  the  depth  of  those  will  corre- 
spond, under  differences  which  we  shall  never  know, 
with  those  of  the  coal  strata;  being  formed  during 
the  same  period  of  repose.  This  could  not  have  been 
otherwise;  and  we  must  therefore  expect  to  find,  that 
as  the  coal  strata  are  not  every  where  intermediate 
between  the  inferior  set  and  that  which  follows  them, 
some  other  strata  must,  in  particular  places,  be  found 
occupying  that  space.  Such  marine  strata  must  be 
parallel  in  time,  but  not  in  order,  with  those  of  the 
coal  series ;  although,  having  been  afterwards  sub- 
jected to  the  same  revolutions,  they  must  correspond 
with  them  in  their  new  positions  or  elevations.  Thus 
then  the  strata  of  this  epocha  must  present  complicated 
appearances  :  seeming  to  have  been  formed  at  different 
periods,  when  they  have  been  simultaneous,  and  the 
differences  depending  on  those  of  their  receptacles. 

Geologists   have  not  yet  produced  satisfactory  de- 
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scriptions  of  a  state  of  things  which  seems  neverthe- 
less unavoidable.  In  fact,  having  never  reasoned 
correctly  respecting  the  coal  strata,  they  have  had  no 
guide  to  a  correct  system  of  observations  ;  while  as- 
suming a  false  theory,  or  rather,  omitting  to  form  a 
right  one,  they  have  viewed  these  as  if  they  formed 
part  of  a  general  series  produced  under  the  ocean  ; 
thus  giving  them  an  intermediate  place  between  the 
inferior  ones  and  those  which  were,  in  some  cases, 
superior,  but  could  not  have  been  so  for  the  whole 
series  upwards  from  the  strata  below  the  coal.  At 
present,  I  know  not  how  to  correct  this  error,  or  fill 
this  blank,  from  such  observations  as  I  have  been  able 
to  make,  or  by  comparing  the  reports  of  other  ob- 
servers ;  since  it  is  always  extremely  difficult  to  reason 
from  bad  observations,  when  truth,  and  not  system,  is 
the  real  object.  But  it  must  be  plain,  that  we  are  in 
great  error  or  ignorance  as  to  the  order  of  the  strata 
from  the  lowest  red  sandstone  and  its  C(  mountain" 
limestone  upwards,  that  the  confusion  or  ignorance 
depends  on  this  very  fact,  so  utterly  overlooked,  and 
that  till  this  portion  of  the  later  rocks  is  investigated 
and  settled,  there  will  remain  a  serious  blank  in  a 
most  essential  portion  of  Geology.  At  present,  I  can 
do  no  more  than  point  out  the  principles  of  investi- 
gation, in  this  view  of  the  necessary  state  of  things ; 
and  must  hope  that  it  will  excite  others  to  examine 
into  matters  of  much  more  importance  than  those  in 
which  they  now  seem  engaged.  It  must  be  plain,  at 
least,  that  the  theories  which,  in  our  systems,  repre- 
sent all  the  strata  enumerated  after  the  coal  series,  as 
following  it  in  an  order  of  superposition,  are  er- 
roneous; while  we  have  not  at  present  any  proof  of 
such  superposition,  beyond  the  cases  in  which  it  is 
actually  found,  or  can  be  fairly  inferred  by  the  usual 
rules  applied  to  the  investigation  of  consecutive  strata. 
VOL,  i,  il 
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To  enquire  of  the  revolutions  to  which  the  coal  series 
may  have  been  subjected,  it  is  necessary  to  proceed  to 
the  next  stage  in  the  changes  of  the  earth's  surface,  or 
to  that  set  of  strata  which  immediately  follows  it. 
Did  none  follow,  and  did  it  now  remain  on  the  surface, 
in  a  state  of  nudity  as  of  repose,  we  might  imagine 
that  the  earth  had  undergone  no  more  revolutions. 
In  some  places,  it  is  actually  the  uppermost,  as  is  the 
case  in  Scotland,  But,  even  there,  it  is  not  horizon- 
tal and  undisturbed,  as  it  ought  on  this  supposition 
to  be:  whence  we  may  safely  conclude,  that  all  the 
coal  strata  yet  known  have  undergone  an  analogous 
if  not  a  simultaneous  disturbance,  whether  now  ac- 
tually followed,  or  not,  by  those  which,  in  some  places, 
succeed  to  them. 

It  might  be  sufficient  here  to  name  the  magnesian 
limestone  and  the  red  marl  as  two  strata  immediately 
following  the  coal  with  us.  Where  that  series  is  not 
present,  they  succeed,  of  course,  the  next  inferior 
stratum,  as  might  be  expected.  Now  these  are  of 
marine  origin;  since  they  contain  marine  remains,  as 
do  the  multifarious  beds,  up  to  the  Chalk,  which 
follow  them.  Their  materials  were  therefore  depo- 
sited under  the  ocean,  before  being  indurated  and 
elevated  as  we  now  find  them.  And  when  their  ac- 
tual superposition  to  the  coal  strata  is  proved,  especi- 
ally in  an  unconformablc  order,  the  doubts  just  stated 
are  excluded. 

Putting  aside  the  fantastical  theory  of  augmenta- 
tions and  diminutions  in  the  ocean,  under  which,  were 
it  not  in  itself  perfectly  untenable,  the  coal  series  must 
have  been  horizontal,  as  the  superior  ones  must  have 
also  followed  in  consecutive  order,  the  land  must 
have  subsided  to  have  produced  these  effects.  Else, 
the  red  marl  and  the  subsequent  marine  strata  could 
not  have  been  generated.  Here  then  is  a  revolution 
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of  the  surface,  apparently  the  reverse  of  all  the  pre- 
ceding ;  consisting  in  a  depression  of  the  land,  instead 
of  its  elevation.  Thus  depressed,  the  ocean  which 
covered  the  coal  strata  and  all  those  which  sank  with 
it,  became  the  repository  of  the  materials  for  the  next 
consecutive  series  of  the  secondary  strata ;  commencing, 
as  we  suppose,  with  the  magnesian  limestone,  and 
terminating  at  a  point  which  does  not  appear  to  have 
been  the  same  in  every  part  of  the  world.  In  England, 
it  is  the  chalk. 

The  effects  of  this  change,  viewed  as  a  revolution, 
must  have  been  no  less  extraordinary  than  its  cha- 
racter; since  it  implies  a  corresponding  depression, 
not  only  of  the  secondary  strata  beneath,  but  of  the 
primary  rocks  also,  with  a  change  in  the  disposition 
of  the  earth,  wherever  it  occurred,  extending  to  great 
depths  and  of  enormous  magnitude.  Such  views  as 
this  may  be  alarming  to  minds  which  fear  to  move 
one  step  out  of  the  mere  path  of  observation;  yet 
every  part  of  the  theory  of  the  earth,  thus  far,  is  so 
mutually  linked,  and  every  fact  so  confirms  every  other, 
that  we  cannot  stop  in  the  chain  of  consequences. 
They  who  will  not  reason  may  renounce  the  whole, 
but  they  cannot  except  a  part. 

With  respect  to  the  probable  extent  of  this  revo- 
lution, the  decision  must  rest  on  that  of  the  Coal 
strata  throughout  the  globe,  and  the  accuracy  with 
which  they  have  been  ascertained.  The  extent  is 
sufficiently  considerable  to  prove  a  very  general  re- 
volution of  this  nature:  but  until  it  is  ascertained 
that  all  these  deposits  correspond  in  geological  po- 
sition to  those  under  review,  we  must  remain  un- 
certain. Many  appear,  as  some  are  proved  to  be,  of 
this  nature:  and  even  these  may  suffice  to  establish  a 
wide  revolution  of  this  kind,  while  future  observations 

i  i  2 
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will  probably  extend  this  certainty.  But  till  those  upper 
deposits  of  coal  which  I  have  here  called  Lignites,  are 
distinguished  every  where,  we  must  not  be  hasty  in 
deciding  on  the  extent  of  this  particular  revolution. 

But  the  extent  of  the  revolution  by  which  that 
surface,  at  least,  on  which  the  coal  strata  were  formed, 
was  depressed,  rests  far  less  on  them  than  it  does  on  the 
next  subsequent  general  formation,  or  on  the  red 
marl.  Wherever  this  occurs,  the  strata  on  which  it 
lies  were  beneath  the  ocean  at  the  time  of  its  forma- 
tion, and  probably  at  one  period,  though  this  cannot 
be  absolutely  proved.  Now  it  appears  to  be  as  ge- 
neral a  rock  as  any  that  is  known;  being  assuredly 
far  more  widely  diffused  than  any  other  secondary 
stratum,  and,  if  the  term  universal  is  ever  admissible, 
peculiarly  deserving  of  it. 

Hence  therefore  we  may  conclude,  that  not  only 
was  the  earth  on  which  the  coal  strata  were  formed, 
depressed  beneath  the  ocean  wherever  these  are  found, 
whether  covered  by  the  red  marl  or  not,  but  probably 
wherever  that  stratum  occurs  in  any  state  of  sequence 
to  the  inferior  rocks;  unless  indeed  a  similar  rock 
should  have  been  forming  beneath  the  ocean  at  the 
same  time  as  the  coal ;  and  this  being  the  peculiar 
difficulty  which  we  cannot  yet  solve. 

This  revolution,  which  depressed  the  coal  strata, 
will,  whatever  its  extent  may  be,  appear  an  exception 
to  all  others,  in  the  eyes  of  geologists,  who  have  over- 
looked this  plain  inference,  and  who  also  have  for 
ever  coupled  the  notion  of  elevation  alone  with  that 
of  revolution.  But  I  shall  soon  show  that  the  same 
effect  has  probably  happened  in  every  other  revolution; 
though  the  peculiarity  of  this  deposit  allows  us  to  prove 
in  this  case  what  we  cannot  do  in  the  others,  as  it  will 
also  be  an  argument  of  analogy  respecting  those. 

It  must  still  be  observed,  that  the  depression  of  the 
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land,  even  if  generally  granted  to  these  arguments, 
could  not  have  been  universal.  The  red  marl  itself., 
together  with  many  of  the  subsequent  strata,  is  formed 
of  the  ruins  of  rocks  which  must  have  remained  above 
the  waters  ;  lands  subject  to  the  action  of  the  ele- 
ments, giving  passage  to  rivers,  and  thus  contri- 
buting to  lay  the  foundation  of  another  world.  But 
if  the  existence  of  dry  land  during  this  period,  were 
not  thus  esteemed  to  be  proved,  the  remains  found  in 
the  lias  would  put  this  beyond  doubt.  That  scries  is 
the  next  which  was  formed  beneath  the  same  ocean, 
and  it  contains  terrestrial  organic  fossils  sufficient  to 
establish  this  supposition. 

But,  under  general  views,  it  is  not  easy  to  see  how 
this  could  be  otherwise;  since  it  is  to  conceive  a  globe, 
of  which  the  entire  superficies  was  water,  and  thus,  a 
kind  of  equalization  of  the  solid  surface  beneath  it. 
Whence  the  probability  is,  that  such  a  revolution 
consisted  in  elevation  and  depression  at  the  same  time; 
or  that  while  land  sunk  beneath  the  ocean  in  one 
place,  its  bottom  was  raised  into  land  in  another. 
And  in  this  case  it  is  plain,  that  there  must  have  been 
a  second  disclosure,  in  some  places,  of  the  primary  and 
the  inferior  secondary  strata  ;  producing,  thus,  a  com- 
plication of  effects  as  to  that  which  I  have  hitherto 
spoken  of  but  as  a  simple  depression,  respecting  which 
it  is  easier  to  conjecture  than  to  decide.  I  cannot  yet, 
myself,  satisfactorily  make  out  any  appearances  which 
require  this  explanation,  or  which  it  would  explain  ; 
not  having  had  the  requisite  opportunities  since  I  ex- 
amined into  this  subject :  though  I  have  reason  to 
suspect  it  as  to  some  former  observations  which  I 
have  now  no  opportunity  of  verifying.  But  having 
pointed  out  to  Geologists  the  theory,  or  the  necessity, 
it  is  probable  that  they  will  hereafter  discover  the 
facts  in  question  ;  in  which  case  the  clue  is  also  of- 
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fered  for  the  solution  of  many  obvious  difficulties  re- 
specting the  positions  of  the  lowest  secondary  strata. 

I  must  yet  remark  on  these  depressions  and  ele- 
vations, or  changes  of  relative  level  in  the  sea  and 
land,  that  accustomed,  partly  through  the  violence  of 
volcanic  action,  and  partly  through  the  influence  of 
the  term  revolution,  to  consider  such  changes  as  vio- 
lent and  brief,  we  are  probably  depriving  ourselves  of 
the  means  of  explaining  many  appearances  among 
these,  and  perhaps  other  strata.  It  is  quite  con- 
ceivable, that  such  a  change  should  have  been  ex- 
tremely gradual  and  tedious,  resembling  the  slow 
changes  of  level  known  on  the  coast  of  Italy,  and  ap- 
parently in  our  own  island.  In  this  case  the  great 
depth  of  the  coal  strata  is  easily  explained,  as  I  have 
already  hinted  ;  and  thus  might  we  also  account  for 
the  alternations  of  marine  strata  so  often  suspected  in 
these  deposits.  Thus  also  we  might  explain  certain 
phenomena,  real  or  supposed,  belonging  to  the  lias 
and  its  animals ;  because  if  these  were  deposited  on 
its  maritime  boundary  at  certain  points,  a  gradual  sub- 
sidence might  have  caused  them  to  occupy  a  large 
horizontal  space. 

I  have  thus  brought  down  this  enquiry  to  a  state 
of  things,  in  which  a  portion,  both  of  the  primary 
and  of  the  older  secondary  strata  formed  the  dry  land 
of  the  earth,  as  they  had  done  before  the  last  revo- 
lution ;  but,  in  which,  a  large  portion  of  these  also, 
which  had  once  been  elevated,  were  again  depressed 
beneath  the  waters,  together  with  the  productions 
which  occupied  their  surface.  This  is  the  fourth  great 
revolution  which  the  earth  appears  to  have  expe- 
rienced ;  the  three  former  consisting,  as  far  as  the  ap- 
pearances show,  in  elevations  of  the  bottom  of  the 
ocean,  and  this  one  in  a  depression  of  the  dry  land  ; 
but  under  the  reservations  just  made.  And  I  may 
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here  remark  that  this  offers  an  explanation  of  the 
modes  in  which  deluges  might  have  hecn  produced,, 
in  addition  to  the  partial  torrents  consequent  on  the 
elevations  of  strata  in  particular  places.  The  sub- 
mersion of  the  dry  land  over  any  portion  of  [the  earth, 
is  a  deluge  ;  and,  thus  we  possess  many  causes,  inde- 
pendently of  the  much  discussed  Historical  one,  for 
explaining  the  cases  of  alluvial  formations. 

If  cosmogonists  have  invented  systems  of  depres 
sion,  causing  an  imaginary  crust  of  the  earth  to  sink 
into  imaginary  abysses,  they  have  been  borne  out  by 
geological  facts,  of  which  they  knew  not  the  existence, 
though  their  theories  were  wrong.  Too  much  ridi- 
cule has  been  cast,  by  recent  writers,  on  the  depres- 
sion of  strata  as  an  engine  of  geological  theory  ;  partly 
because  the  mode  of  explanation  was  wrong,  and 
partly,  because  it  was  applied  to  the  solution  of  cases 
which  it  would  not  solve.  But  if  the  elevation  of 
strata  is  proved,  so  also  is  the  depression  ;  while  if  I 
am  right  in  the  preceding  remarks,  the  one  implies 
the  other.  And  if  I  have  succeeded  in  showing  that 
this  is  true  of  the  case  just  examined,  it  is  not  less 
probable,  as  I  already  hinted,  that  every  great  revo- 
lution of  the  earth  has  possessed  a  similar  character. 
Thus  the  several  disclosures  of  land  have  been  at- 
tended by  a  conversion  of  land  into  sea :  or,  in  a  geo- 
graphical sense,  the  results  have  been  interchanges, 
to  a  certain  degree,  between  the  places  of  sea  and 
land.  But  I  leave  this  to  the  consideration  of  geologists. 

It  will  not  affect  these  views  of  this  interval  of  revo- 
lution, to  know  that  in  the  Alps,  or  in  any  other  place, 
the  magnesian  limestone  and  red  marl  are  highly  in- 
clined or  even  parallel  to  the  inferior  strata.  All  that  fol- 
ows  is,  what  is  here  often  indicated,  that  such  revolu- 
tions may  not  have  been  simultaneous  nor  exactly  simi- 
lar, nor  even  the  same  in  number,  in  every  part  of  the 
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globe :  and  they  may  perhaps  assist  in  proving  what 
has  already  appeared  probable  from  other  arguments,, 
that  every  period  of  revolution  has  occupied  an  inde- 
finite time,  and  has  consisted  in  a  long  succession 
of  unequal,  though  similar  actions. 

To  proceed  with  this  investigation,  I  must  now  re- 
mark that  the  ocean  of  this  last  earth  was  the  resi- 
dence of  all  the  beings  now  preserved  in  our  secondary 
strata.  If  they  were  a  separate  creation,  they  form 
the  last.,  previous  to  that  which  now  inhabits  the 
earth  ;  as  every  posterior  revolution  appears  to  have 
been  of  too  partial  a  nature  to  produce  any  change 
adequate  to  the  entire  destruction  of  life.  But  as  the 
repose  of  this  ocean,  or  the  time  which  intervened  be- 
tween that  depression  of  the  strata  which  has  thus 
been  examined,  and  the  subsequent  elevation,  next  to 
come  under  review,  is  measured  by  the  thickness  of 
the  last  marine  deposit,  we  may  try  to  conjecture, 
within  general  and  comparative  limits,  what  its  du- 
ration was.  The  red  marl  and  its  preceding  limestone, 
with  the  lias,  and  the  oolithe,  form  the  most  general 
and  most  widely  extended  portions  of  this  de- 
posit, and  are  of  great  depth  ;  and  if,  to  these,  we  add 
the  remaining  strata  up  to  the  Chalk  inclusive,  we 
shall  have  the  extreme  measure  of  repose  which  is  at- 
tainable. Comparatively  therefore,  we  are  enabled  to 
determine,  that  the  period  of  repose  during  which  the 
coal  strata  remained  beneath  the  ocean,  was  greater 
than  that  during  which  they  were  forming  on  the  sur- 
face of  the  dry  land,  and  greater  also  than  that  during 
which  the  inferior  secondary  strata  were  generated. 

Although,  for  the  purpose  of  examining  the  revo- 
lutions of  the  coal  strata,  and  the  state  of  that  ocean 
which  followed  their  depression,  it  has  been  necessary 
to  speak  of  the  superior  secondary  strata  as  they  are 
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actually  visible,  it  remains  to  mention  that  revolution 
by  which  they  were  brought  to  their  present  places. 
Before  this  event,  we  must  still  suppose  that  the  dry 
land  consisted  of  the  primary  and  of  a  portion  of  the 
inferior  secondary  strata  only ;  as  it  had  done  before 
the  elevation  of  that  portion  of  the  secondary  strata 
on  which  the  terrestrial,  or  coal  strata,  were  deposited. 
By  this  great,  and,  to  us,  most  important  catastrophe, 
the  whole  face  of  the  earth  must  have  been  completely 
changed  ;  far  more,  we  may  presume,  than  by  any 
preceding  one. 

It  is  evident  that  it  must  have  involved  the  whole  of 
the  strata,  of  whatever  class,  from  the  earliest  to  the 
latest  of  the  globe.  As  the  latest  portion  of  the  secon- 
dary strata,  then  reposing  in  a  horizontal  position  be- 
neath the  ocean,  were  raised  to  the  surface,  and  in- 
clined in  the  manner  that  we  now  find  them,  so  every 
inferior  series  in  order,  however  previously  inclined 
or  disturbed  by  former  revolutions,  must  have  again 
been  moved.  Thus,  even  the  primary  strata,  which 
had  been  twice  elevated,  and,  in  some  places  at  least, 
once  depressed,  possibly  oftener,  must  have  been  a 
third  time  raised,  together  with  all  those  of  successive 
ages  which  they  bore  on  their  surface.  Thus  also  the 
inferior  secondary  strata  were  a  second  time  brought 
up  to  the  light  of  day ;  and  thus  the  coal  deposits 
were  restored  to  those  regions  in  which  they  had  been 
originally  formed.  However  subsequently  modified 
by  more  recent  partial  revolutions,  and  by  those  ac- 
tions of  waste  and  deposition  which  are  now  passing 
before  our  eyes,  it  was  by  this  important  revolution 
that  the  present  distribution  of  the  surface  was  deter- 
mined, in  the  general  outline  of  our  continents  and 
islands,  the  chains  of  mountains  which  give  rise  to  our 
rivers,  and  the  cavities  which  received  our  lakes. 
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That  it  was  universal  as  it  was  deep,  scarcely  admits  a 
question.  The  wide  extent  occupied  by  the  superior 
secondary  strata,  indicate  the  regions  to  which  it 
reached;  nor  can  we  conceive  it  to  have  been  thus 
widely  diffused,,  without  involving  the  whole  earth.  If 
there  be  a  revolution,  which,  more  than  any  preceding 
one,  can  be  considered  universal,  it  is  this.  But  we 
have  no  right  to  suppose  that  it  was  a  sudden  cata- 
strophe, or  that  the  elevation  of  all  the  parts  of  the 
present  dry  land  was  simultaneous,  or  even  that  this 
change  occupied  a  short  period.  It  is  more  likely  to 
have  consisted  in  a  long  series  of  similar  events,  and  to 
have  occupied  ages :  we  are  ever  misled  by  the  sound 
of  the  terms  catastrophe  and  revolution. 

On  Revolutions  succeeding  those  of  the  secondary 
Strata. 

It  remains  to  examine  the  revolutions  of  a  partial 
nature  which  have  taken  place  at  different  points  of 
the  surface,  produced  by  that  last  and  general  one 
which  I  have  thus  described.  The  same  general  laws 
apply  to  these  ;  they  consist  in  elevations,  and  perhaps 
of  depressions  also  :  as  we  must  refer  them  to  causes 
of  a  corresponding  nature,  operating  partially. 

Wherever  the  rocky  surface  of  the  earth  remains  in 
that  state  of  repose  which  succeeded  to  the  last  eleva- 
tion of  the  strata,  we  find  the  secondary  of  the  last 
order  following  each  other,  even  to  the  uppermost,  in 
a  consecutive  manner,  and  at  angles  of  elevation  which 
are  commonly  moderate,  though  variable.  Wherever 
an  interruption  of  that  order  takes  place,  we  have 
reason  to  suppose  that  some  partial  cause  has  operated 
in  that  spot.  But,  besides  this,  we  find,  in  certain 
places,  the  materials  which  form  the  bottom  of  the 
existing  ocean,  elevated  to  levels  at  which  its  waters 
could  not  have  stood,  except  under  a  diminution  of 
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those  which  is  not  admissible  from  any  laws  of  me- 
chanics or  chemistry,  known  or  supposeable :  and 
thence  again  it  is  inferred  that  the  surface  must  have 
been  elevated  in  those  places,,  while,  in  certain  cases, 
we  discover  the  elevating  causes  themselves,  and  have 
even  witnessed  the  fact. 

In  the  15th,  16th,  and  17th  Chapters,  I   have  ex- 
plained this  subject :  but  having  done  this  for  the  first 
time,  and  being  thus  compelled  therefore  to  associate 
many  different  facts,  that  I  might  disentangle  the  con- 
fusion made  by  former  geologists,  I  must  here  state 
the  cases  which  belong  to  the  present  view.     They 
are,  first,  those  in  which  we  find  the  bottom  of  the 
ocean  thus  elevated,  whether  we  can  prove  a  partial 
disturbance  of  the  inferior  strata  or  not,  and  where,  at 
the  same  time,  we  do  not  discover  the  elevating  causes ; 
and,  next,  those  where  we  perceive  the  same  fact  ac- 
companied by  its  causes.     This  is  the  twofold  division 
demanded  under  the  present  views ;  because  each  is  a 
partial  revolution,  or  set  of  revolutions,  which  we  can 
apparently  separate  in  time:  the  case  of  Italy  being  an 
example  in  one,  and  that  of  the  Coral  islands  in  the  other. 
But,  under  this  enquiry,  there  are  two  desiderata  yet 
unfulfilled :  the  observations  of  Geologists  being  hi- 
therto worthless  as  to  both  ;  because  they  had  neither 
seen  the  causes  nor  understood  the  facts :  having  even 
entirely  overlooked  the  latter,  except  in  two  or  three 
instances,    and    misapprehended    them    when     seen. 
Under   the   arrangement  and    explanations   which    I 
have  here  made,  it  must  be  hoped  that  they  will  here- 
after supply  this  defect,  and  thus  enable  a  future  syste- 
matical writer  to  fill  up  the  sketch  which  I  must  leave 
imperfect.     These  desiderata  are,  the  periods  of  time 
at   which   such  partial   revolutions   took    place,    and 
the   places    where   they  have    occurred.     As   to   the 
former,  we  have  seen  them  happen  in  our  own  day. 
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and  we  are  also  sure,  in  such  cases  as  that  of  Italy  and 
the  Isle  of  Wight,  that  they  are  of  a  very  remote  date: 
but  we  can  neither  fix  the  former  point  nor  conjecture 
what  intermediate  ones  there  may  have  been.  Re- 
specting the  latter,  we  trace  them  in  different  parts  of 
Europe,  apparently  of  the  higher  dates;  and  over  all 
the  Pacific  ocean,  or  more,  of  many  different  ones : 
some  of  which  probably  equal  those  in  antiquity,  as 
we  perceive  that  others  are  modern,  and  some  quite 
recent.  And  this  is  all  that  can  yet  be  determined  : 
while  the  only  safe  conclusion  therefore,  belonging  to 
this  view,  is  the  following.  It  is  probable  that  these 
partial  revolutions  commenced  immediately  after  the 
disclosure  of  the  strata  under  the  general  revolution 
last  described,  that  they  occurred  in  many  different 
places,  and  that  they  have  been  continuing  to  occur 
to  this  day,  in  different  places  at  different  times :  all 
the  appearances  being  essentially  the  same,  as  the 
causes  also  are ;  while  the  differences  are  mere  dif- 
ferences of  casualty,  depending  on  the  nature,  places, 
and  extent  of  the  strata  thus  elevated  or  disturbed. 
And  lastly,  it  is  further  probable,  that  these  elevations 
or  partial  revolutions  were  mere  continuations  of  those 
actions  which  disclosed  the  secondary  strata :  whence 
we  are  entitled  to  expect  that  the  most  remote  will  be 
the  most  numerous  and  extensive,  as  also  that  these 
characters  will  determine,  or  aid  in  determining,  the 
question  of  antiquity  as  to  those  partial  revolutions. 

At  this  point  the  present  investigation  stops :  what 
remains  to  be  said  on  the  other  revolutions  of  the  pre- 
sent earth,  will  find  its  place  in  examining  the  altera- 
tions which  a  progressive  state  of  waste  is  now  causing 
on  the  surface. 

General  Remarks  on  the  past  Conditions  of  the  Earth. 
As  the  evidences  and  details  necessary  for  the  pre- 
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ceding  views  have  unavoidably  given  a  still  more  in- 
tricate appearance  to  that  which  is  an  intricate  subject 
in  itself,  it  will  be  convenient  to  the  reader  if  I  com- 
mence these  remarks  with  a  brief  summary  of  the  con- 
ditions of  the  earth  which  I  have  attempted  to  establish. 
The  first  condition  which  I  have  inferred,  was  that 
which  furnished,  from  its  rocks,  the  clay,  sand,  and 
mica  of  the  fragments  imbedded  in  our  primary  strata, 
because  these  belong  to  a  preceding  set  of  strata.  Of 
this  Earth  we  can  have  no  other  visible  evidence,  as 
there  can  be  none  at  all  for  an  Earth  before  it :  and  I 
have  therefore  taken  it  as  the  first,  though  a  prior  one 
might  be  supposed,  on  the  obvious  supposition  that 
these  materials  must  have  arisen  from  rocks  still  an- 
terior, under  similar  circumstances. 

The  first  revolution  also  of  which  we  have  any  evi- 
dence, is  that  which  elevated  the  materials  contained 
by  the  first  ocean  to  form  the  rocks  of  a  second  world. 
Of  this  second  world,  we  see  the  fragments  of  the 
strata,  preserved  in  the  conglomerates  of  the  present 
primary  rocks,  together  with  fragments  of  the  granite 
by  which  these  were  probably  elevated.     It  is  not  un- 
likely, that  the  very  strata  themselves  form  part  of 
our  primary  ones,  since  this  can  scarcely  fail  to  be  the 
case,  for  the  obvious  reason  that  they  could  not  have 
all  been  destroyed,  and  must  have  been  re-elevated 
together  with  them  at  the  subsequent  revolution.  The 
distinction  ought  to  consist  in  nonconformity  of  order 
among,  the  present  primary  strata,  which  should  thus 
display  at  least  two  divisions.      But  geologists  having 
never  imagined  such  a  state  of  things,  having  never 
yet  reasoned  in  this  very  obvious  manner,  have  never 
sought  for  such  distinctions.     I  think  that  I  can  quote 
cases :  but  am  averse  to  do  it  while  I  remain  unsup- 
ported by  others  :  hereafter,  I  doubt  not  that  it  will  be 
fully  established ;  now  that  the  fact  is  indicated  and 
the  road  to  the  investigation  pointed  out :  in  which 
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case  a  subdivision  of  the  primary  strata  will  become 
necessary.  A  second  elevation  of  the  strata  raised  these 
above  the  waters,  and  thus  was  produced  the  third 
state  of  the  Earth. 

This  third  world  is  preserved  for  our  inspection. 
Those  which  were  once  its  only  strata,  are  now  our 
primary  ones  ;  and  they  furnished  the  materials  for 
those  new  rocks  which  appear  in  the  fourth  state  of 
the  globe,  and  which  were  raised  above  the  ocean  by 
a  third  revolution. 

By  that  revolution  was  formed  the  fourth  world ; 
the  greater  part  of  which  still  remains,  forming  the 
foundation  of  our  own,  however  modified  by  numerous 
subsequent  changes.  This  world  included  our  primary, 
and  the  earlier,  or  lower  portions  of  our  secondary 
strata,  producing,  during  its  continuance,  the  coal  de- 
posits ;  but  the  revolution  which  it  underwent  to  a 
fifth  state,  though  probably  not  of  a  different  nature 
from  the  former,  exhibits,  to  us,  the  marks  of  de- 
pression only,  without  any  proofs  of  elevation.  The 
new  dry  land  became  sea ;  and  the  lands  formerly  ele- 
vated, were,  to  a  certain  degree,  or  extent,  lowered. 

Thus  was  produced  a  fifth  world.  How  far  it  dif- 
fered from  the  preceding  we  cannot  discover,  because 
we  are  not  certain  that  the  last  or  fourth  revolution 
was  an  extensive  one,  and  do  not  know  what  might 
have  remained,  and  what  might  have  been  elevated. 
It  is  possible  that  it  may  have  resembled  the  third, 
that  none  but  primary  rocks  formed  the  dry  land: 
but  it  is  equally  possible  that  both  the  primary  and 
secondary  might  have  united  to  form  it. 

The  sixth  world  is  that  v/hich  we  inhabit.  It  is  the 
produce  of  a  fifth  revolution  in  the  globe.  To  form 
it,  the  depressed  strata  were  again  elevated;  whatever 
else  might  have  occurred.  Thus  it  contains,  together 
with  its  own  new  ones,  the  strata  of  the  three  preceding 
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states  of  the  earth.  These  are  easily  demonstrated; 
namely,  the  primary,  the  first  order  of  the  secondary, 
the  coal  strata,  and  the  last  of  the  secondary.  It  is 
probable  that  those  which  were  formed  beneath  the 
water,  during  the  period  of  the  formation  of  the  coal 
strata  above  it,  are  also  known ;  but  they  have  not 
been  demonstrated  as  separate  and  defineable  strata. 
And  these  are  the  great  or  general  revolutions  of  the 
Earth,  as  far  as  we  can  discover  them,  first,  and  as  far 
as  we  can  discover  what  is  general  as  distinguished 
from  partial.  Those  which  follow  are  certainly  par- 
tial, though  of  various  degrees:  and  they  have  pro- 
bably occurred  in  different  places,  at  different  times, 
commencing  with  the  last  general  revolution,  and  ex- 
tending down  to  our  own  days. 

Whether  the  original  globe  was  inhabited  or  not, 
we  must  ever  remain  ignorant;  but  I  have  shown  that 
during  at  least  five  conditions  before  the  present,  it 
consisted,  as  it  does  now,  of  rocks,  or  of  land  elevated 
above  the  water,  and  of  an  ocean.  The  foundations 
of  each  successive  new  series  of  rocks  on  the  earth's 
surface,  were  laid  beneath  the  preceding  ocean,  except 
in  one  instance;  and  they  were  the  produce  of  materials 
washed  down  from  the  land  into  their  submarine  re- 
ceptacles: these  actions  being  analogous  to  those  now 
going  on,  as  the  submarine  alluvia  of  our  earth  are 
destined,  at  some  future  period,  to  form  new  rocks, 
and  to  generate  a  new  earth.  By  the  elevation,  in 
succession,  of  these  submarine  deposits,  they  were 
brought  above  the  surface  of  the  waters,  forming,  in 
each,  the  dry  land  of  that  terraqueous  globe  which 
was  again  to  undergo  similar  and  succeeding  changes. 
In  one  case  alone,  the  only  assignable  change  was  a 
depression  of  the  dry  land.  Thus  the  original  earth, 
original  at  least  to  us,  is  traced,  in  a  general  manner, 
to  that  which  we  now  inhabit. 
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We  have  reason  to  think,,  that  under  each  of  these 
successive  states,  the  earth  must  have  possessed  dif- 
ferent characters,  and,  that  its  geographical  distribu- 
tion was  different  in  each ;  but  we  have  no  reason  to 
believe  that  its  rocks  presented  any  other  varieties 
than  those  which  we  now  see.  The  primary  strata 
resemble  those  which  immediately  preceded  them,  as 
is  proved  by  the  nature  of  the  included  fragments; 
if  we  cannot  carry  this  comparison  further  backwards. 
The  greatest  change  of  character  takes  place  between 
the  primary  and  the  secondary,  but  the  analogies 
continue;  while  I  have  formerly  accounted  for  the 
differences  that  do  exist.  That  every  former  state  of 
the  earth  contained,  like  the  present,  alluvial  soils,  is 
certain,  because  that  is  implied  in  the  formation  of 
submarine  alluvia. 

Similar  conditions  as  to  an  atmosphere  and  all  the 
consequences  which  it  implies  as  connected  with 
an  earth,  also  follow:  and,  that  the  lakes,  of  one  state 
at  least,  were  of  great  size  and  number,  is  proved  by 
the  formation  of  the  coal  deposits.  But  if  the  sea  and 
the  dry  land  were  differently  distributed,  there  is  no 
reason  to  think  that  the  absolute  quantity  of  water 
has  varied  at  different  periods,  since  there  are  no  phe- 
nomena that  render  it  necessary  or  probable;  as  there 
are  many  that  render  it  improbable  or  impossible. 
A  larger  portion  of  water  needs  not  be  assumed 
for  the  solution  of  the  materials  of  rocks,  because  they 
are  insoluble  in  any  quantity  that  could  have  existed 
consistently  with  the  order  of  the  planetary  system ; 
as  the  existence  of  such  an  imaginary  quantity  is  che- 
mically improbable,  because  we  know  of  no  means  by 
which  it  could  have  been  converted  into  other  sub- 
stances, and  because  nothing  is  annihilated.  Nor  would 
the  alternate  elevation  and  depression  of  water,  even 
could  it  be  admitted,  account  for  the  geological  ap- 
pearances of  the  successive  orders  of  strata;  while 
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their  inconsecutive  positions,  with  other  facts,  prove 
that  the  land  was  elevated.  Nor  is  there  any  reason  to  think 
that  the  quality  of  the  ocean  underwent  any  changes. 
Thatit  was  a  salt  ocean,  at  least  when  the  red  marl  was  de- 
posited, we  are  sure,  from  the  quantity  of  salt  in  that  stra- 
tum ;  however  difficult  it  maybe  to  account  for  the  mode 
in  which  it  there  occurs:  and  that  it  was  a  salt  ocean 
in  prior  states  of  the  earth,  we  must  equally  presume, 
from  this  and  from  the  early  organic  fossils. 

How  far  the  temperature  has  been  const  ant,  and  similar 
to  what  it  is  now,  I  formerly  enquired;  and  need  only 
remark  here,  that  the  existence  of  marine  animals  in 
former  oceans,  proves  that  there  never  was  any  steady 
or  considerable  difference  between  former  temperatures 
and  the  present  one,  during  the  periods  of  an  inhabited 
earth's  repose.  But  if  the  elevation  of  strata  was  pro- 
duced by  the  protrusion  of  fluid  rocks  from  beneath, 
it  is  probable  that  the  Earth  did  actually  experience 
temporary  and  considerable  vacillations  of  heat;  caus- 
ing, in  particular,  important  changes  in  the  water  and 
the  atmosphere.  In  such  cases,  supposing  such  a  revo- 
lution universal,  we  must  presume  thatall  life  was  extin- 
guished, to  be  renovated  at  a  future  period ;  and  that 
this  period  could  not  have  arrived  till  the  temperature 
of  the  surface  had  again  subsided.  Under  this  supposi- 
tion, we  have  also  an  atmosphere,  to  be  reduced  to  its 
present  condition  by  the  precipitation  of  its  water,  and 
the  consequent  formation  or  increase  of  seas  and  lakes. 
In  the  last  of  these  revolutions  geologists  may  there- 
fore seek  the  developement  of  Chaos,  so  often  discussed ; 
together  with  what  is  more  important,  hydrostatic  ac- 
tions capable  of  producing  many  of  the  phenomena 
which  have  been  sought  in  deluges  of  more  recent  date. 
Respecting  the  inhabitants  of  past  conditions  of  the 
earth,  I  have  shown  that  the  first  which  can  be  traced 
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are  those  which  existed,  as  animals,  in  the  ocean  of 
the  second  condition  here  enumerated,  being  that  under 
which  the  primary  strata  were  formed,  and,  probably, 
as  vegetables,  on  the  land  of  that  second  earth.  There 
are  also  reasons  to  conclude  that  there  has  been  a  pro- 
gressive increase  of  the  numbers  of  animals  in  succes- 
sive states  of  the  globe,  or,  that  the  number  in  any 
one  condition  was  greater  than  that  in  the  preceding; 
as  the  present  population  seems,  similarly,  more  abun- 
dant than  that  immediately  prior.  If  that  can  not  be 
satisfactorily  proved  by  the  absolute  presence  of  the 
organic  fossils  themselves,  it  is  safely  inferred  from 
the  gradual  and  successive  increase  of  calcareous  strata: 
and  thus  does  the  presence  of  coal,  including  the  later, 
or  the  lignites,  with  the  great  coal  deposits,  indicate  the 
existence  of  a  vegetable  surface  in  the  earth,  from  its 
fourth  condition  onwards;  though  there  is,  in  this  case, 
no  proof  of  a  regular  increase  in  the  numbers  or  quan- 
tity of  plants,  analogous  to  what  we  conclude  of  animals 
from  the  constant  increase  of  the  calcareous  strata. 

Thus  the  state  of  the  earth  has  been  meliorated  by 
some,  if  not  by  all  of  its  changes;  or  it  has  bcenrcndcrcd 
successively  more  fit  for  the  habitation  of  succeeding 
races  of  animals.  The  last  improvement  which  it  has 
undergone,  in  the  newest  calcareous  strata,  so  much 
exceeding  former  ones,  is  palpable;  as  every  fresh 
change  appears  to  add  new  races,  or  at  least  to  increase 
numbers,  while  the  revolutions  which  follow,  though 
they  should  destroy  their  forms  with  their  lives,  or 
destroy  those  preserved  from  antecedent  worlds,  leave 
the  calcareous  earth  into  which  they  are  resolved,  un- 
changed. In  their  present  state,  the  softer  spoils  of 
animals  form  a  manure  for  that  land  which  supports 
the  existing  races  of  animal  life  by  its  vegetable  pro- 
duce. Their  harder  parts,  accumulated  through  the 
various  revolutions  of  the  globe,  tend  equally  to  in- 


OF    THE    EARTH.  499 

crease  the  most  valuable  soils,  by  forming  tbe  cal- 
careous tracts  so  noted  for  their  fertility.  The  manure 
of  ages  past,  they  become  that  of  ages  to  come,  since 
they  are  inexhaustible :  and  as  they  are  also  perpetually 
increasing,  we  may  imagine  that  a  future  world,  when 
one  shall  arise  from  the  ruins  of  the  present,  will  as 
far  excel  it  as  this  on  which  we  live  is  superior  to  that 
which  preceded.  This  can  never  concern  us :  yet  in 
contemplating  the  revolutions  by  which  Life  has  so 
often  been  widely  destroyed,  it  is  pleasing  to  reflect 
that  every  change  is  improvement,  and  that,  out  of 
evil,  good  is  for  ever  produced.  And  thus  seeing  that 
the  perpetual  progress  of  the  earth  is  to  wards  improve- 
ment, while  that  progression  leads  us  to  imperfection 
as  we  trace  it  in  the  reverse  order,  we  also  perceive 
the  evidences  of  that  continued  Design  and  Superin- 
tendence which  philosophy  has  so  often  been  accused  of 
disbelieving,  as  geology  now  furnishes  me  with  those 
demonstrations  of  them  which  have  never  yet  been  de- 
rived from  any  other  department  of  nature,  and  which 
have  been  hitherto  overlooked  by  that  science  itself. 

On  the  Causes  of  the  Revolutions  of  the  Globe. 

The  general  causes  of  these  revolutions  have  been 
suggested  in  the  former  remarks  on  the  elevations  of 
the  strata  and  on  volcanoes.  We  perceive,  in  the 
first  place,  that  volcanoes  eject  fluid  matter  which  be- 
comes rock,  and  that  the  force  which  ejects  this  fluid, 
be  its  nature  as  obscure  as  it  may,  is  one  of  great  power, 
since  it  is  capable  of  elevating  the  superincumbent 
strata,  even  where  these  consist  of  such  enormous 
masses  as  those  which  form  the  coral  islands.  And 
though  we  have  not  ourselves  witnessed  the  elevation 
of  such  an  island,  we  can  entertain  no  doubt  of  the 
fact,  because  existing  men,  and  men  under  the  records 
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of  history,  have  witnessed  similar  ones ;  as  the  nature 
of  these  islands  is  also  perfectly  explained  in  this  man- 
ner, and  can  be  explained  in  no  other.  To  have  seen 
Ovvhyhee  brought  up  from  beneath  the  ocean,  could 
scarcely  afford  more  perfect  conviction. 

Again,  we  find  that  the  rocks  produced  by  these 
fluids  resemble  others  which  are  disposed  all  over  the 
earth,  consisting  in  the  trap  rocks,  including  all  por- 
phyries, and  the  granites*  the  volcanic  rocks  being 
gradually  undistinguishable  from  the  traps  and  porphy- 
ries, and  the  latter  as  gradually  passing  into  the  granites. 
In  the  next  place,  the  collateral  appearances  attending 
the  trap  rocks  resemble  so  exactly  those  of  the  volcanic 
ones,  that  geologists  have  never  yet  been  able  to  draw  a 
line  between  them,  either  on  this  point  or  in  their  mi- 
neral characters :  while,  in  the  same  manner,  those 
which  attend  the  granites  resemble  those  belonging  to 
the  traps,  precisely.  Andlastly,  what  is  here  the  most  im- 
portant fact,  the  connexions  of  the  superincumbent  and 
neighbouring  strata  with  the  traps  and  the  granites,  are 
exactly  those  which  subsist  between  the  former  and  the 
volcanic  rocks ;  consisting  in  the  elevation,  displacement 
and  fracture  of  all  the  strata  with  which  they  interfere. 

In  every  point  therefore,  the  cases  are  identical ; 
and  thence  I  conclude  without  fear,  that  wherever  any 
of  these  rocks  occur,  or  can  be  inferred,  there  have  ex- 
isted volcanic  actions,  if  not  eruptions,  and  that  these 
have  been  the  causes  of  the  elevations  of  the  strata, 
or  of  the  revolutions  of  the  earth  ;  which  consist  in 
such  elevations,  or  in  elevations  balanced  by  depres- 
sions ;  that  is,  by  a  vacillating  or  interchanged  con- 
dition of  the  surface  of  the  solid  sphere  as  that  re- 
lates to  the  surface  of  its  fluid  portion.  And  the  ge- 
neral conclusion  consequently  is,  that  the  Earth  has, 
from  any  beginning  which  we  can  trace,  been  the  seat 
of  a  succession  of  similar  actions,  produced  at  dif- 
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fercnt  intervals ;  and  those  intervals,  when  conspi- 
cuous or  extensive  in  their  effects,  causing  the  revo- 
lutions of  condition  here  described. 

If  there  are  differences  in  any  respect  between  the 
natures  of  these  several   rocks   or  the  collateral  ap- 
pearances attending  them,  the  causes  have  been  for- 
merly explained,  nor  do  they  affect  this  reasoning. 
But  I  may  here  refer  to  the  Moon   in  illustration   of 
this  condition  of  the  globe  of  our  Earth  ;  while  all 
analogy  makes  us  infer  that  every  planetary  body   is 
of  the  same  essential  nature.     It   is   a  congeries   of 
mountains,  of  which  the  far  larger  portion  is  visibly 
volcanic,  as  all  may  have  been  ;  while  we  trace,  with 
perfect  security,  successions  of  volcanic  mountains,  or 
of  eruptions,   in  which  every  part   of  its  surface  has 
been  engaged  at  different  times,   as  its  volcanoes   still 
occasionally  burn.     And  there   we  also  perceive  the 
probable  reasons  why   our  own  surface   differs   from 
that  of  this  planet ;  especially,  why  the  Earth  has  lost 
so  widely  those  decided   proofs  of  former  volcanoes 
which  that  has  preserved  in  the  integrity  of  its  innu- 
merable Craters.     It  contains  no  water,  and  possesses 
a  very  slender  and  limited  atmosphere :  whence  it  has 
not  been  subjected  to  the  same  causes  of  waste  which 
are  ever  acting  on  the  surface  of  the   Earth.      But 
thence  also,   its   volcanic  or  un stratified  rocks  have 
never  been  obscured  by  the  strata  which  have  covered 
those  on  our  own  surface  ;    whatever  revolutions  ana- 
logous to  those  of  the  Earth  it  may  have  undergone. 
The  volcanic  actions  in  the  earth  have  often  elevated 
the  strata  without  allowing  the  fused  rocks  to  break 
through  them,   as  happens  daily  at  present ;    and   the 
more  delicate  volcanic  records   have   also  disappeared 
in  the  successions  of  waste  and  of  revolutions,  as  must 
be  especially  plain  of  all  the  earlier  ones. 

The  perfect  simplicity  and  consistency  of  this  view, 
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with  the  clearness  of  the  proofs,  leave  nothing  to  wish 
as  to  the  theory  of  the  revolutions  of  the  earth  ;  and  I 
know  not  that  I  ought  to  answer  a  trifling  and  igno- 
rant objection  often  made,  namely,  that  these  intervals 
of  revolution,  or  action,  succeeded  by  dormancy,  were 
the  convenient  assumptions  of  an  hypothesis.     It  has 
been    shown    that  the  actions  have   probably  never 
ceased,  as  they  are  still  goyig  on  :  they  have  been  aug- 
mented at  intervals :  but  under  final  causes  so  demon- 
strated in  the  present  chapter,   that  to  deny  the  facts, 
is  to  deny  the  existence  of  a  Power  regulating  as  it 
created  the  Earth;  by  whatever  means  the   secondary 
causes   are  managed   to. those  ends.     And  while   the 
existence  of  a  perpetual  source  of  heat  and  of  a  fluid 
condition  within  the  earth,   is  proved,  while  it  is  also 
proved  that  the  force  of  this  heated  fluid  is  constantly 
producing  the  very  effects  in  question,    and   also  pro- 
ducing them  at  intervals,    thus   uniting,  now,  every 
thing  necessary  for  the  former  effects,  I  cannot  see 
how  such  a  theory  can  be  called  gratuitous,  or  in  what 
manner  philosophy  can  ever  prove  any  thing,  if  it  has 
not  thus  proved  a  permanent  cause,  adequate  to  every 
end,   under  every  conceivable  variation.     The  demon- 
strations of  mathematics  can  compare  with   nothing ; 
for  they   are  but  the  catenations  of    successive   syl- 
logisms, from  assumed,  or  established,  simple  facts  or 
abstractions  :    but  physical  science  never  yet  has  of- 
fered, nor  ever  will  produce,  proofs  more  perfect  than 
Geology  has  thus  done  respecting  the  causes  of  the 
Revolutions  of  the  Earth. 

It  remains  to  enquire  what  actual  evidences  can  be 
found,  that  every  such  revolution  was  attended  by  the* 
formation  of  an  unstratified  rock  ;  and  I  think,  that 
with  little  difficulty,  I  can  produce  them,  even  where  it 
mightseem  most  difficult,  namely,  in  the  earlier  periods. 
I  have  shown  that  fragments  of  granite  arc  entail- 
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gled  in  our  primary  strata,  and  this  therefore  is  the 
very  granite  which  elevated  the  Earth  which  I  have 
here  called  the  second  ;  while,  if  the  quartz  of  the 
other  fragments  be  derived  from  granite,  as  is  probable, 
it  will  be  evidence  of  an  anterior  one  which  elevated 
that  one  here  marked  as  the  first ;  the  evidence,  as  I 
formerly  explained,  being  incapable  of  reaching  fur- 
ther. It  demands  a  second  production  of  granite,  or 
of  the  older  porphyries,  which  are  of  the  same  general 
a?ra,  to  elevate  the  primary  strata  ;  and  a  third  to  ef- 
fect the  elevation  of  the  lowest  secondary  ones.  Now, 
of  these,  we  have  the  most  abundant  evidence  in  those 
granites,  of  which  the  veins  of  one  kind  traverse  the 
mass  of  another  ;  and  thus  I  have  provided  for  those 
conditions  here  called  the  third  and  the  fourth.  Again, 
it  requires  a  fourth  production  of  an  unstratified  rock 
to  produce  that  change  which  attended  the  depression 
of  the  coal  strata.  Now  there  have  been  granites  found, 
where  a  vein  of  a  third  granite  traversed  a  vein  of  a 
second  and  different  one  which  had  previously  traversed 
the  mass  of  a  first ;  but  if  this  should  be  doubted, 
there  are  two  antient  porphyries  which  successively  tra- 
verse a  mass  of  granite,  the  last  of  these  being,  of 
course,  the  third  production. 

Thus  is  every  necessary  cause  of  revolution  demon- 
strated as  to  the  fifth  earth  of  this  arrangement ;  while, 
from  this  point,  I  can  no  longer  certainly  trace  any 
further  mutual  interferences  of  granite  or  antient  por- 
phyry. But  that  is  of  no  moment ;  since  there  arc 
abundant  resources  in  the  production  of  the  trap  rocks, 
of  which  two  formations,  or  perhaps  more,  are  demon- 
strated, adequate  to  even  more  than  is  required,  while 
they  account  for  the  sixth  and  last  condition  of  the 
Earth.  Beyond  this,  the  demonstrations  are  admitted 
by  every  one,  in  the  volcanic  rocks  of  higher  antiquity, 
and  in  the  disputed  traps  ;  and,  lastly,  in  those  of  ex- 
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isting  or  recently  extinct  volcanoes.  And  thus  is  every 
thing  that  can  be  demanded  in  proof  of  the  assigned 
causes  of  these  revolutions,  demonstrated  by  the 
clearest  evidence.  The  theory  is  perfect,  even  to  its 
details  and  to  those  of  each  individual  action. 

I  must  not  however  quit  this  subject,  without  no- 
ticing a  theory  which  supposes  abysses  within  the 
earth,  and  subsidences  of  the  strata  into  these ;  espe- 
cially as  I  have  pointed  ofit  what  the  fabricators  of  this 
hypothesis  never  had  shown,  the  demonstrated  subsi- 
dence of  portions  of  the  surface,  in  antient  times,  as 
similar  phenomena  now  occur,  in  a  partial  manner, 
in  volcanic  countries.  With  them,  it  was  pure  hy- 
pothesis without  a  fact  in  support.  The  appearances 
proving  elevation  are  so  universal  and  decisive,  that 
this  needs  not  be  insisted  on.  There  could  not  be  an 
abyss  in  a  fluid  mass  ;  and  if  the  earth  be  therefore 
such,  whatever  cavities  it  may  contain  must  be  in  its 
solid  parts,  and  thence,  comparatively  superficial ;  as 
its  high  specific  gravity  also  shows  that  such  cavities 
cannot  be  extensive,  should  they  exist  ;  and  as  we 
cannot  even  easily  conceive  a  cavity  under  the  actual 
or  neighbouring  presence  of  a  fluid.  And  I  have  also 
shown  how  these  depressions  might  take  place  through 
a  mere  change  of  relative  level,  without  the  necessity 
of  any  such  supposition.  Yet  there  are  indications 
of  a  peculiar  structure  in  the  earth  which  might  be 
called  cavernous,  if  we  allow  that  these  are  filled  by 
a  fluid ;  as  they  are  otherwise  not  conceivable.  These 
are,  the  linear  directions  of  volcanoes,  and  the  singu- 
larly linear  tendencies  of  the  elevated  edges  of  strata. 
On  the  nature  of  this  disposition  it  seems  to  me,  how- 
ever, in  vain  to  speculate  ;  and  I  willingly  therefore 
leave  it  to  the  researches  and  reasonings  of  future  geo- 
logists. I  can  conceive  it  to  have  been  produced  by 
former  displacements  of  solid  strata  :  but  that  is  all. 
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General  Conclusions. 

In  reviewing  what  has  past,  we  cannot  help  being 
struck  with  the  magnitude  of  the  forces  which  elevated 
the  strata,  with  the  enormous  power  for  example  which., 
for  the  last  time,,  brought  up  from  the  bottom  of  the 
ocean  our  present  primary  mountains  together  with 
their  successive  superstructures;  the  entire  mass  and 
load  of  all  the  rocks,  from  the  lowest  sandstone  to  the 
chalk.  The  imagination  is  lost  in  reflecting  on  such 
forces,  as  it  is  on  the  power  which  projected  the  pla- 
netary bodies  in  their  orbits.  Yet  this  force  is  proved 
by  the  facts:  and  though  it  were  not,  why  should  it  be 
doubted?  That  Hand  which  spanned  the  globe  of  the 
earth  and  launched  it  into  space,  might  surely  move  its 
parts.  The  unperceived  influence  of  an  antient  athe- 
istical philosophy  is  for  ever  shutting  our  eyes  to  the 
First  Cause:  we  dwell  on  secondary  causes  till  we  forget 
that  they  are  but  the  agents  of  Him  who  appointed  and 
governs  them,  and  who  governs  them  for  His  own  ends. 

He  who  created,  does  He  not  also  regulate  ?  Or 
where  is  the  difference  ?  We  are  misled  by  a  term  : 
we  are  thinking  of  the  metaphysical  question  of  the 
creation  of  matter,  when  we  imagine  that  we  are  dis- 
cussing that  of  the  earth.  The  Deity  created  more 
than  mere  matter,  or  a  simple  globe ;  but  he  did 
not  create  those  forms  and  dispositions  in  an  instant. 
The  Earth  is  not  yet  created :  nor  will  it  be,  as  long 
as  it  has  a  change  to  undergo.  What  He  did  at  first 
He  is  doing  daily  :  let  His  power  in  creation  be  granted, 
and  we  grant  His  powers  in  regulating,  in  governing: 
.it  is  enough. 

The  extent  of  these  forces  has  been  that  of  the 
whole  Earth;  but  their  depth  must  also  have  been 
enormous.  Mathematics  teach  us  how  to  calculate, 
from  the  extent  of  action,  the  depth  of  a  military  mine. 
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If  we  cannot  actually  apply  the  rule  in  such  a  case, 
we  can  at  least  conjecture,  within  certain  limits,  what 
was  the  depth  of  such  a  force  as  elevated  any  single 
mountain  chain,  of  which  the  continuous  direction  and 
uniformity  of  position  indicate  a  single  uniform  action, 
as  does  probably  the  earthquake  of  Lisbon.  Could  we 
suppose  that  Europe  had  been  produced  by  one  effort, 

the  focus  of  the  paraboloid  would  be  scarcely  less  dis- 

* 

tant  than  the  centre  of  a  solid  earth.  But  the  reader 
can  reflect  for  himself;  the  data  are  before  him. 

Nor  must  the  great  question  of  Time  be  passed  over 
lightly.  We  are  too  apt  to  measure  this  by  our  own 
brief  duration,  as  our  vanity  dreams  that  the  universe 
was  created  for  us.  Let  us  contemplate  Time  as  it 
relates  to  the  Creator,  not  to  ourselves,  and  we  shall 
no  longer  be  alarmed  at  that  which  the  history  of  the 
Earth  demands.  Every  change  which  it  has  undergone 
has  required  time :  every  new  deposition  of  rock  has 
been  the  work  of  ages ;  and  the  sum  of  these  is  the 
duration  which  has  been  reviewed ;  although  this  is 
possibly  but  a  small  space  compared  to  that  through 
which  it  has  existed  as  a  planetary  globe.  Every  stra- 
tum of  rock  is  the  work  of  time,  often  of  far  more  than 
we  choose  to  contemplate :  while  from  what  we  see, 
we  can  approximate  to  that  which  we  know  not  how 
to  measure.  He  who  can  measure  and  number  the 
strata  from  the  first  to  the  last,  is  prepared  to  solve 
this  question  as  it  relates  to  the  intervals  of  repose, 
but  of  those  only,  riot  to  those  of  the  revolutions :  let 
him  ascertain  the  time  required  to  produce  a  stratum 
of  a  given  depth,  let  him  seek  it  in  the  increase  of  co- 
lonies of  shell  fishes,  in  deposits  of  peat,  and  in  the 
earthy  deposits  of  seas  and  lakes,  and  he  has  found  a 
multiplier,  not  to  disclose  the  truth,  but  to  aid  his 
imagination. 

Who  indeed  can  sum  this  series?  the  data  are  not 
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in  our  power  :  yet  we  can  aid  conjectures.     The  great 
tract  of  peat  near  Stirling  has  demanded  two  thousand 
years  ;  for  its  registry  is  preserved  by  the  Roman  works 
below  it.     It  is  but  a  single  bed  of   coal :  shali?we 
multiply  it  by  a  hundred  ?  we  shall  not  exceed,   far 
from  it,  did  we  allow  two  hundred  thousand  years  for 
the  production  of  the  coal  series  of  Newcastle,  with  all 
its  rocky  strata.     A  Scottish   lake   does  not  shoal  at 
the  rate  of  half  a  foot  in  a  century ;    and  that  country 
presents  a  vertical  depth  of  far  more  than  three  thou- 
sand feet,  in  the  single  series  of  the  oldest  sandstone. 
No  sound  geologist  will  accuse  a  computer  of  exceed- 
ing, if  he  allows  six  hundred  thousand  years  for  the 
production  of  this  series  alone.     And  yet^what  are  the 
coal  deposits,  and  what  the  oldest  sandstone,  compared 
to  the  entire  mass  of  the  strata?  Let  the  computer 
measure  the  Apennine  and  the  Jura,  let  him,  if  he  can 
trust  Pallas,   measure  the  successive   strata,   of  sixty 
miles  in  depth,  which  he  believes  himself  to  have  as- 
certained, and  then  he  may  renew  his  computations  ; 
while,  when  he  has  summed  the  whole,  his  labour  is 
not  terminated.     But  let  the  reader  supply  the  figures 
which  it  is  useless  to  exhibit,  since  they  cannot  be  true. 
If  these  views  of  the  powers  and  the  results  of  geo~ 
logical  investigation  are  alarming  to  feeble  minds,  they 
tend  to  exalt  that  science  in  the  estimation  of  those 
who  neither  fear  to   seek  Truth,  nor  dread  it  when 
found.  It  is  not  astronomical  science  alone  which  will 
hereafter  elevate  the  mind  in  the  contemplation  of  the 
universe :  but  the  Earth  has  hitherto  been  reasoned  on 
by  mathematicians  only,  and  all  but  its  mechanical  re- 
lations have  been  forgotten.  If  there  are  still  ignorant 
and  anxious  persons  who  think  that  these  views  inter- 
fere with  our  Faith,  I  refer  them  to  the  following  chap- 
ter; for  I  will  not  agitate  this  question  twice.     The 
learned  reader  will  not  fail  to  remark  their  coincidence 


5()8  ON    THE    SUCCESSIVE    FORMS 

with  the  opinions  referred  to  the  Stoics,  respecting  the 
destruction  and  renovation  of  the  Earth  at  fixed  periods. 
But  it  is  easy  to  trace  these  doctrines,  and  the  Great 
year  of  Aristotle,  to  Pythagoras,  and,  beyond  him,  to 
the  far  more  antient  philosophy  whence  Greece  bor- 
rowed more  than  its  astronomy  and  mythology.  If  it 
was  a  Chaldean  doctrine,  so %  was  it  that  of  antient 
India.  The  Calpas  of  $\e  Brahminical  school  are  the 
periods  in  question  :  and  hence  the  (i  inagnns  ab  in- 
tegro  saeclorum  nascitur  ordo,"  of  those  who  copied 
more  than  they  invented.  But  if  there  be  any  one  who 
imagines  that  these  opinions  were  the  result  of  obser- 
vation, and  not  the  speculations  of  hazard,  that  the 
East  had  made  those  advances  in  Geology  which  it 
had  in  Astronomy,  he  may  please  himself  by  dwelling 
on  that  singular  coincidence  through  which  we  are 
now  in  the  fifth  Calpa. 

If  I  have  attempted  to  trace  backwards  to  that 
furthest  state  of  our  globe  respecting  which  we  can 
procure  any  evidence,  yet  not  thus  tracing  the  first 
member  in  this  series,  nor  thus  excluding  many  former 
vicissitudes  and  a  long  preceding  existence,  I  have 
also,  in  tracing  a  progressive  melioration,  retraced  to 
points  in  succession  where  organic  beings  were  less 
various  and  abundant,  and  especially  where  animals 
continue  to  diminish,  from  the  least  questionable  of 
evidences,  that  of  the  gradual  diminution  of  the  cal- 
careous strata.  In  such  a  diminishing  series,  the  first 
point  is  unity;  and,  beyond  it,  is  nothing.  Could  we 
therefore  fix  this  point,  we  might  discover  when  the 
Creation  of  animals  commenced.  We  have  not  done 
this:  yet  so  far  are  we  from  being  called  on  to  believe 
that  the  creation  of  animated  beings  has  no  retreating 
limit,  that  we  must  conclude  it  to  have  had  a  com- 
mencement, and  one  also,  the  date  of  which  we  can 
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assign  in  a  general  manner,  as  compared  to  the  a>ras 
of  the  earth  itself. 

I  read,  that  as  the  variations  which  astronomers 
have  discovered  are  periodical,  and  that  as  the 
solar  system  presents  no  marks  of  a  termination, 
so  it  discovers  no  indications  of  a  commencement. 
I  read  also  that  the  phenomena  of  the  earth  coincide 
with  those  of  the  Celestial  mechanism,  and  further, 
that  the  laws  of  animated  conform  to  those  of  inani- 
mate existence.  I  read  in  the  first  assertion  a  partial 
truth,  whence  the  mathematician  has  deduced  what  is 
not  deducible,  forgetting  the  very  rules  of  his  own 
science;  and  in  the  two  latter  assertions,  I  read  what 
are  not  truths.  If  I  am  surprised  at  the  more  than 
oversight  in  the  whole  of  these  assertions,  I  will  not 
note  the  purpose,  since  it  is  evident.  But  I  must  an- 
swer the  mathematician:  for  this  is  my  duty.  The 
answer  cannot  indeed  now  reach  him:  but  it  will  reach 
those  whom  he  has  misled. 

That  a  machine  may  perform  an  appointed  duty,  it 
must  he  a  finished  work:  it  must  he  perfect  from  its 
commencement;  and  while  it  does  continue  to  perform 
that  duty,  it  remains  perfect.  The  celestial  mecha- 
nism was  designed  by  its  Creator  for  a  final  cause,  an 
End;  and  that  end  is  still  in  view.  Unless  therefore 
we  doubt  His  Power  or  His  Wisdom,  that  mechanism 
could  be  no  other  than  it  has  been  and  is.  The  order 
of  the  planetary  system  on  which  the  mathematician 
dwells,  is  its  necessary  condition:  but  no  sound  logi- 
cian will  infer  from  this  that  its  past  duration  has  been 
eternal,  or  that  its  future  has  no  bounds.  It  must 
have  heen  precisely  what  it  is,  though  its  duties  were 
temporary;  and  it  may  therefore  be  temporary,  as  well 
as  eternal,  for  all  that  its  regularity  proves.  Of  its 
future  limitation  AVC  can- infer  nothing:  except  that 
this  is  within  the  power  of  Him  who  designed  and  ex- 


510  ON    THE    SUCCESSIVE    FORMS 

ecuted  it:  of  its  duration  in  the  past,  I  uhall  presently 
show  reasons  for  believing  that  we  can  prove  a  com- 
mencement, though  not  the  date  of  that. 

When  I  say  that  its  duration  is  within  the  power 
of  its  Creator,  I  do  not  allude  to  a  mere  act  of  Will. 
The  secondary  causes  are  ready,  and  ever  active.  The 
Mathematician,  accustomed  to  the  sole  contemplation 
of  his  own  science,  has  forgotten  that  the  laws  of  Me- 
chanics comprise  but  orfb  of  two  great  powers  in  the 
Universe.  Chemistry  is  the  other  right  hand  of  the 
Creator:  the  source  of  change,  the  joint  governor  with 
Mechanics;  the  opposing  power,  when  its  power  is 
required.  This  mathematician,  writing  on  Geology, 
should  not  have  forgotten  that:  as  a  mere  astro- 
nomer, he  ought  not;  for  that  Chemistry  is  acting  in 
the  Comets  and  in  the  Sun,  as  it  has  acted  and  is  acting  in 
every  planetary  and  solar  body  throughout  the  universe. 
Its  great  agencies  have  been  overlooked  or  forgotten  in 
the  exclusive  pursuits  of  the  Mechanical  philosophy. 

It  is  said  also  that  the  laws  of  animated  coincide  with 
those  of  inanimate  existence.  I  have  answered  this 
already.  I  have  shown  the  high  probability  that  Life 
has  been  more  than  once  destroyed  and  renovated, 
that  it  has  had  many  commencements ;  the  certainty, 
assuredly,  that  it  must  have  had  at  least  one,  and  that 
one  at  a  far  later  date  than  the  creation  of  the  Earth 
itself;  though  this  is  implied  in  the  very  production 
of  the  Earth  within  Time.  How  that  point  is  related 
to  the  commencement  of  the  earth  itself,  it  is  in  vain 
to  speculate.  It  is  a  moral  argument  for  their  near 
coincidence,  that  the  object  of  the  Deity  in  Creation 
was  Life :  yet  to  Him  to  whom  Time  is  nothing,  it 
were  nothing  though  an  unanimated  globe  had  revolved 
for  ages  in  the  general  system.  And  any  second 
commencement  of  Life  implies  a  previous  destruction; 
whence  it  is  not  necessarily  perdurable  in  the  future,  as 
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the  causes  of  its  destruction  are  also  provided,  in  the 
threat  Chemistry  of  the  Earth.  The  assertion  is  there- 
fore what  I  called  it ;  and  this  imaginary  analogy  is 
consequently  nothing. 

When,  lastly,  it  is  said,  or  insinuated,  that  there  are 
no  marks  of  a  commencement  in  the  Earth,  the  answer 
is  also  found  in  what  has  preceded.  The  retrocession 
of  forms  which  I  have  traced,  leads  us  constantly  back 
to  a  preceding  condition,  under  which  the  form  of  the 
surface  was  simpler,  and  the  rocks  less  numerous  than 
in  the  next  succeeding  one  :  under  which  retrograda- 
tion,  we  exhaust,  especially,  or  approach  to  the  ex- 
haustion of,  the  calcareous  strata.  The  last  earth  in 
this  backward  chain,  though  I  should  not  have  dis- 
covered it,  consisted  but  of  a  single  series  of  strata ; 
and  a  preceding  one  should  therefore  have  possessed 
none.  Whatever  rocks  it  did  contain,  must  therefore 
have  been  the  produce  of  fusion  ;  and  from  these  were, 
of  course,  formed  the  first  strata.  This  inference  is 
inevitable,  from  what  has  preceded ;  and  therefore, 
though  every  visible  unstratified  rock  is  posterior  to 
the  strata  with  which  it  is  connected,  there  is,  or  has 
been,  an  unstratified  rock  older  than  any  strata.  This 
is  the  first  formation  of  rock ;  and  it  is  the  produce  of 
cooling.  Hence  the  state  anterior  to  that,  place  it 
where  we  may,  is  the  fluid  state  which  so  many 
other  phenomena  tend  to  prove ;  and  thus  are  we 
carried  back,  by  a  connected  series  of  facts  and  infe- 
rences, to  the  proof  of  that  which  was  probable  on 
other  grounds  ;  to  an  originally  fluid  globe.  And  if 
this  is  not  the  commencement  of  the  earth,  or  its 
creation,  it  is  still  that  approximation  which  implies  a 
commencement;  while  if  we  admit  La  Place's  views, 
and  believe  that  this  fluid  was  the  produce  of  a  pre- 
vious gaseous  sphere,  the  approach  to  creation  becomes 
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still  nearer,  though,  at  this  point,  we  must  stop.  But 
stop  wherever  we  may,  the  facts  still  prove,  that  the 
phenomena  of  the  Earth  do  not  coincide,  as  is  said, 
with  those  of  the  Celestial  mechanism,  that  the  Earth 
was  not  the  same  at  previous  periods  as  it  is  now,  and 
and  that  it  also  hears,  as  I  have  formerly  shown,  the 
marks  of  a  progressive  and  steady  melioration. 

Therefore  was  it  created  in  time ;  and  therefore 
does  it  not  support,  hy  the«nsserted  analogy,  an  equally 
imagined  Eternity  of  the  Celestial  system,  or  of  the 
merely  Solar  one.  Let  a  peculiar  philosophy  fancy 
what  it  may,  it  receives  no  assistance  from  facts  :  on 
the  contrary,  these  contradict  it.  The  Peripatetic  phi- 
losopher must  submit :  for  even  on  that  which  had  no 
foundation,  the  bolt  has  fallen. 

But  Geology  can  effect  yet  more  ;  and  with  that  I 
shall  conclude.  There  is  nothing  in  the  celestial  me- 
chanism to  prove  that  the  Solar  system,  the  Universe 
tself,  is  of  a  more  remote  date  than  Man.  Astronomy 
furnishes  no  evidence.  But  Geology  teaches  us  that  a 
terrestrial  globe  had  a  long  prior  existence  ;  and  thence 
does  it  prove  the  equally  remote  antiquity  of  the  Solar 
system,  though  mathematics  cannot  as  yet  so  far  demon- 
strate its  connexion  with  other  systems,  as  to  prove  that 
the  date  of  the  creation  of  those  is  involved  in  our  own, 
as  that  of  the  Earth  is  with  the  entire  mechanism  of 
the  Solar  group. 

Of  such  high  value  is  geological  science,  when  duly 
viewed.       As  far  as  what  has  now  passed  involves  a 
Theory,  it  consists  of  those  deductions  from  facts  which* 
philosophy  is  justified  in  drawing,  but  it  is  not  yet  a 
Theory  of  the  Earth- 

END    OF    THE    FIRST    VOLUME. 


J.  Teuten,    Printer,   14,  Dean-street,  Soho. 


14  DAY  USE 

RETURN  TO  DESK  FROM  WHICH  BORROWED 


EARTH  SCIENCES  LIBRARY 

This  book  is  due  on  die  last  date  stamped  below,  or 

on  the  date  to  which  renewed. 
Renewed  books  are  subject  to  immediate  recall. 


GO 


J.U1U-&4978 


LD21 — 32m — 1,'75 
(S3845L)4970 


General  Library 

University  of  California 

Berkeley 


Y 


